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April 10, 1992

Mr. Robert Barrick
PTI Environmental Services
15375 S. E. 30th Place
Suite 250
Bellevue, WA

RE: Data Validation Report Letter
Project #:C1320301
Skinner and Sherman Laboratories
Conventionals: Ammonia, Phosphate, Chloride, Nitrate, Sulfate, Chromium (VT)
(See Table 1 for Identification of Samples Reviewed)

Dear Mr. Barrick:

A validation was performed on the conventional analytical data from 43 aqueous samples
collected by PTI Environmental Services at the Idustri-Plex site in Woburn, MA. The data
were evaluated based on the Region I Laboratory Data Validation Functional Guidelines
for Evaluating Inorganic Analyses. February, 1989:

data completeness
* - holding times

calibration verification
laboratory and field blank analyses
matrix spike percent recovery results

* - laboratory and field duplicates
* - detection limit results

sample results

* All criteria were met for this parameter.

Table 2 summarizes the validation recommendations that were based on the following
information:
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Data Completeness

The following information is required for all analytes:

Chain-of-custody information
Sample preservation
Analysis run data
Initial calibration
ICV/CCV values
Preparation and CCB values
Matrix duplicate analyses
Matrix spike data
Sample reanalysis/sample dilutions

Ammonia

All criteria met.

Phosphate

All criteria met.

Chloride

All criteria met.

Nitrate

All criteria met

Sulfate

All criteria met.

Chromium (VI)

For the chromium (VI) values in sample delivery group 91-11-208, initial
calibration verification data were missing. Chromium (VI) samples are
qualified due to poor matrix spike recovery (67%). Thus, no additional
qualification is required due to the missing data.
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Calibration

Initial calibration values (ICV) were run immediately after calibration and continuing
calibration values (CCV) were run every ten samples, which meets frequency
requirements. All ICV/CCV values were within control limits (90-110% recovery)
except for the following:

Ammonia

Aoalyte

Ammonia-N

Ammonia-N

Ammonia-N

Qualifier

J(+)/UJ(ND)

J(+)/UJ(ND)

J(+)/UJ(ND)

Sample Number

EQ1B-4; EQ1B-29; OW33A;
OW1A; OW15; EQ2A-14;
EQ2A-36; EQ2B-17.18;
OW17; OW17B; OW42;
OW47; SM4; OW19A

EQ3A-17; EQ3A-37; OW41;
OW12

OW37; OW43; OW11;
OW38; OW101; OW48A;
SMI

Reason

ICV recovery low (85.9%).
Criteria = 90%-110%.

CCV recovery low (87.9%).
Criteria = 90-110%.

CCV recovery low (89.1%).
Criteria = 90-110%.

Phosphate

All criteria met.

Chloride

All criteria met.

Nitrate

Analyte

Nitrate-N

Nitrate-N

Qualifier

J(+)/UJ(ND)

J(+)/UJ(ND)

Sample Number

EQ2B-AN LOW; OW17;
OW17B; OW42

OW16; OW38; OW48A;
OW101; SMI; SM4

Reason

CCV recovery low (86.9%)
Criteria = 90-110%.

CCV recovery low (87.0%).
Criteria = 90-110%.

Sulfate

All criteria met.
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Chromium (VI)

Final CCV was high (113%). Samples associated with this CCV were below
the reporting level (RL). Therefore, no qualification is required.

Laboratory and Field Blank Analyses

Three types of blanks are evaluated for possible contamination affects. These blanks
are: initial calibration blanks (ICB), continuing calibration blanks (CCB), and
preparation blanks (PB).

For all laboratory blanks, both positive and negative blank values are evaluated, and
an action limit of five times the highest associated blank concentration is determined
for each affected analyte. For analytes with positive blank values, if the sample
results were less than the action limit, it should be considered undetected at the
reported concentration and assigned a U qualifier. No data qualifiers are required
for undetected sample results. For analytes with negative blank values; the raw data
were reviewed, and for each sample raw data results were checked to see if a
possible false negative or biased sample results was reported. Samples with possible
negative blank contamination are flagged "J" (detected values) or "UJ" (undetected
value) due to a possible low bias.

Ammonia

All criteria met.

Phosphate

Analyte

Phosphate

Qualifier

U at Reported
Value

Sample Number

OW41

Reason

Value less than 5 times blank
concentration.

Chloride

All criteria met
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Nitrate

Analyte

Nitrate

Qualifier

j(+)/uj(ND)

Sample Number

EQZA-18,19,20,21; OW15; OW17B;
OW33A; OW37; OW43; EQlA-36,37,35;
EQZA-37^8,39,40; EQ3A-18T19,20,21;
EQ3A-38rJ9,40,41; EQ2B-AN LOW;
OW11; OW12; OW16; OW19A;
OW38; OW42; OW47; OW101

Reason

Negative blank results
reported. Possibility of
Talse negative or biased
low sample results.

Sulfate

All criteria met

Chromium (VI)

All criteria met.

Matrix Spike Sample Analyses

Ammonia

All criteria met.

Phosphate

All criteria met.

Chloride

All criteria met.

Nitrate

All criteria met.

Sulfate

All criteria met.
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Chromium (VI)

AnaJyte

Chromium (VI)

Chromium (VI)

Chromium (VI)

Qualifier

UJ

UJ

R

Sample Number

EQ3A-11.12; OW12;
OW47

OW31; OW32; OW36;
OW37; OW4i

OWll; OW16; OW38;
OW48A; OW101; SMI;
SM4

Reason

MS recovery low (57%).
Criteria = 75-125%.

MS recovery low (62%).
Criteria = 75-125%.

MS (27%). Acceptable criteria =-
75-125%. All results were
reported as ND.

t.

y
f,
*&

Sample Results

Ammonia

All criteria met

Phosphate

All criteria met.

Chloride

All criteria met

Nitrate

3?y>
Nitrate values were obtained by subtraction of nitrite results from nitrater-H- ̂
nitrite results. Therefore, nitrate values were reported at less than the nitrate *
-H nitrite detection limit of 0.10 mg/L.

Sulfate

All criteria met

Chromium (VI)

All criteria met

1992/P!nal



Overall Assessment

Samples were qualified based on initial/continuing calibration, blank contamination,
or matrix spike percent recovery criteria. Chromium (VI) values for Samples OW-11,
OW-16, OW-38, OW-48, OW-101, SM-1, and SM-4 were rejected due to poor matrix
spike recovery. The remaining data are acceptable as qualified.

Attached are Table 1 - Identification of Samples Reviewed; Table 2 - Recommendation
Summary; Table 3 - Data Summary with Qualifiers; and Data Validation Worksheet for
Conventional analyses.

Sincerely,

EcoChem, Inc.

Ann Bailey
President

Attachments
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Table 1: Identification of Samples Reviewed

Sample Identification

Water

EQ1B-4 EQ1B-29 EQlA-12,11,10,9; EQlA-36,37,35
EQlB-17,18 EQlB-32,33 OW-33A OW-1A
OW-15 EQ2A-14 EQ2A-36 EQ2B-17.18
EQ2A-11,12 EQ2A-27,28 EQ2A-18,19,20,21 EQ2A-37,38,39,40
EQ2B-ANLOW OW-17 OW-17B OW-19A
OW-42 EQ3A-17 EQ3A-37 EQ3A-11,12
EQ3A-27,28 EQ3A-18,19,20,21 EQ3A-38,39,40,41 EQ3B-36,40
OW-12 OW-41 OW-47 OW-31
OW-32 OW-36 OW-37 OW-43
OW-48A OW-11 OW-16 OW-38
OW-101 SM-1 SM-4
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Table 2: Recommendation Summary for Water Samples.

Analyte

Nitrate

Ammonia

Phosphate

Chloride

Sulfate

Chromium (VI)

Qualifier

jy2 UJMJP
J2, UJ2

U1

UP, R1

Codes:

If the field is left blank, the qualifier is A - Accept all data.

J1

U1

UJ1

UP

Consider the following detected results estimated due to potential negative
bias: EQ2A-18,19,20,21; OW-15; OW-17B; OW-33A; OW-37; OW-43.

Consider the following results above the RL and below the blank action level:
OW-41.

Consider the following undetected results as estimated due to potential
negative bias: EQlA-36,37,35; EQ2A-37,38,39,40; EQ3A-18,19,20,21; EQ3A-
38,39,40,41; EQ2B-AN LOW; OW-11; OW-12; OW-16; OW-19A; OW-38;
OW-42; OW-47; OW-101.

Consider the following detected results estimated due to ICV and/or CCV
values outside acceptable 90%-110% range. Ammonia: EQ1B-4; EQ1B-29;
OW-33A; OW-1A; EQ2A-14; EQ2A-36; EQ2B-17.18; OW-17; OW-17B; OW-
19A; OW-42; OW-47; SM-4; EQ3A-17; EQ3A-37; OW-12; OW-37; OW-41;
OW-43; OW-11; OW-38; OW-48A; SM-1; Nitrate: OW-17; OW-17B; SM-1;
SM-14.

Consider the following undetected results as estimated due to ICV and/or
CCV values outside acceptable 90%-110% range. Ammonia: OW-15; OW-
101; Nitrate: EQ2B-AN LOW; OW-42; OW-16; OW-38; OW-48A; OW-101.

Consider the following undetected results estimated due to matrix spike
percent recovery less than 75%. EQ3A-11,12; OW-41; OW-12; OW-47; OW-
31; OW-32; OW-36; OW-37; OW-41.

CMUComwioomli/Apftl 10.
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R1 - Consider the foiiowing undetected results rejected due to matrix spike percent
recovery less than 30%. OW-11; OW-16; OW-38; OW-48; OW-101; SM-1;
SM-4.

C0912.Convmiiarali/Apnl 10. lW/Fin.1
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EcoChemu Inc.!
P r o ̂  • No.:.

Page _J> of

Affected Samples/Qualifiers:

IX. MATRIX SPIKED SAMPLE ANALYSIS

Matrix spike samplers) analysis was performed according to method
requirements and accuracy (%R) results were within the specified
control limits. (_-ir-

Yes is No _

Exceptions:

LL '•

- 07 rv,n as /v,5- ^/od- 00'' C^<»+ • 5*«.^ c
Affected Samples/Qualifiers

X. COMPOOND QUANTITATION AND REPORTED DETECTION LIMITS

Compound quantitationa were accurate and reported detection
limits were acceptable.

Yes _ No _

Exceptions :

^ OK- *' ?0+'- £vtr-i*'"- QK

• •C'j-?'«"-i]n'"~- OK Up

as-ws.doc



EcoChem, Inc~
^ _J ._ I i ̂  ^^^Pro} . JTo.: *-J

Paya ~7 of /'

SAEPLS RESULTS

Tli» saaxpla results wars raviawad and all idantifi cations ware
accaptahla and mat mataod raquiramaires .

Yas

Excap-tions :

oK

No

'-OK )JU->' 'J~'

Affa<rta<i Samp las/Qualifiers

XII. ALDITIOMAI. HEIHOD SPECIFIC QC BSQUI2S1Z2ITS HOT
ABOVE

L/u got <*'^&- ^0 4. / /IP

6-' R d Q C. ,

HII. OVESALL AS

V>( r ;/„-•'
I/O-..:

<«^ T



EcoChem. Inc.

X

Pro •} . No . :

Page of

JJAEL (f iHPr J.,-T-> .rpgg CSEQXIS7

Caaa Narrative

! CTialn of CostodY/Sampla Tracking1 Inforaatioa

Othar:

Initial Calibration

Continuing Calibration

Otaar:

Laboratory Method Blank

Surrogate Recovery Values

Laboratory Duplicate

Matrix Spike/Matrix Spike Duplicate Results

Lah Control/Blank Spike Sample Results

Field Duplicate Rasulta -(blind)

Haw data — QC samples

Other:

Other: '

/Vl\

chblst.doc



EcoChem, Inc^
Proj.

Page ", of

Sampla Result Summary Sheets

Chronological list of all samples run, for sa.c.u.
iastmment/metiiad

Raw data - sample results

Other:

Other:

Phona Laer

Discuss all contacts vlth client and/or laboratory regarding
resuboission of data.

Include date/time, contact name, deliverables missing and resolution.

Hate: Direct contact vlth the laboratory is pemlssable only if agreed
upoa by the client.

chfclst.doc



C j ~ ' -
TABL2 I

HOL2IHS TTKTS

7

Sample
(S:W) Sampled

I / » / - < s (3 I /- Ml h*

£3 |A L'^ I 13- II l>l 1

n »<r

0? flw ^1 A- I/.-.

UK.
Uf.

;/ i i; •• i

IX ou-
(I 1 >ii I/I*-'

O l_/ 1 !>-
i U

u/ ' *" I n i > 1 1" i

IS" \

VTSB. - Validated Time of Sample-Receipt
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TABLE I
HOLSXNGTTHZS

Page.

Sample Matrix
(S:W)

Data
Sampled

if 7-0 S Q t ft + I I i / 1 \f> \« i I ui<

U !>.<!

v> »r

Ofa

U*
07 A- T

\JK

IX

oi~> i
i (,

\«^ \

• U l jo l . >

vi, i

VTSS « Validated Time of Sample Heceipr
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EcoChem.Inc.as- ?~. H O . :
Page of

< - i i - i V7

W022SHEST (NOH-CL? HEIHODS)

Saviewer:

SAS »o. (if appropriata):

v'^ 3-) 'a **-

Ha-tixoda ^odiflca-tiona (if approprlata)

I. Tnrr, "nrgp a T*TT? <z

All delivaraJbles were prasanr as specified for the tnetiiod(s) and
QC level.

Yes iX Ho

If "no", see tie attached Deliverable* Checlcllst(s) for a list c
ammissions.

Samples Affected/Qualifiers:

: A-n Myt,
' CHI

(o - ^<l ft



Pag-e 2~ of ''

II. HOLDHfG TXHES

All method holding- times war* met.

Yes

If ao, exceptions have been circled on -the attached Holding- Times
Taile.

Af fee-ted samples/action taken:

SO

III. ZNSTSDHEHT CALia2ATIOir(S) : INITIAL AHD

Initial instrument calibrations were performed according- to
ne-thod requirements and met the specified control limits.

Yes _ iro lX

Excep-tions:

-f

A

Oi

-to

Samples Affected/Qualifiers:
a



EcoChem. Inc» =^
-̂ •—^ •̂•••î ^^ '̂ praj. So.: - j f _

Pag/e > «- ( l

Coatiauiag- iaatr-omeat caliiratioa waa perforated accordiag; to
me-caod racniirameara aad met specified coatrol limits . (_ -L ia V«»

Yea tfo

Sxceptioaa:

. T.cft r-.-~
^,>j.:- "1 /a c>/<. )JD^ g ? i '

Saorplea Affected/Qualifiera:

I ; wJ ) V'"> ̂  - 0 t / n..\ - , , . „ . , .̂ / 5

IV. LABOEATOHY (METSQD) w.airr SAMPLE ANALYSIS

Blanks were analyzed at a freoTieacy of oae per 20 samples, or pe_
sample delivery group (whichever is more frequeat), per matrix
type.

Yes L/ Mo

There were ao coatamiaaata ia the Method Blaak above the

Yea Ho \S

If ao liat below:

Method/Blank TP Contaminant QJ**-' cone. Action,
o.n

00\0

CL

U6-j 0.\

(f

i ni^/. n n ^J 0-QJ l/ln^it- (J ,0 f»,lX-
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ncov^uem. inc.

HZCOVSHY

r»sults
Yea

£xc apt loos:
No

Exceptions;

control limits
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inc. aS»
. No.:

Pag-e «T o f ' *

Affactad Samp 1 as /Qualifiers:

VII. LABOBATOHY DUPLICATE SAHPLE ANALYSIS

Labora-tory duplicate analyses were performed according; to the
method reqjuiremetrts and the precision (BPD) results ware within
the specified control limits. £.

Yes \/ Mo

Sxcep-tions:

f oof^ i« .,. t- o .-><?,*-, f

O f C- t lC *l-

Affac-cad Samplas/Qualif iars :

VIII. FIELD DUPLICATE SAHPLE ANALYSIS

Field duplicate analyses were performed according; to the contract
requirements and the precision (BPD) results were within the
specified control limits.

Mo

ft a r> ¥•*<.] vt .,c. A- :
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Pro}. • No .:(£*!*•
Page _J of II

<?f|_ / / - i«*f

TOSXSEEST CNOH-CLP HETHODS)

3avia war:

S&S Ho. (if appropriate):

Validatad:
SPPrdoo ;iro>i . ^o?. BtkLoo : i sr J^ 6»w .̂

«odiricationa (If appropria-fca ) :

I.

All dalivarahlas wara present as spacifiad for the mathod(s) and
QC laval.

Yas I/ Ho

If -no", a*» tho a-btacfead DaiivaraJ^las Chacklist(s). for a. list of
ommiaaioas.

Samplaa Affaetad/Qualif iars:

— A- /I
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""' ~~ Proj. t fo. : LJ* **~
Page 7- of n

II. HOLDHT5 TISES

All method holding tisias were mat.

Yes \S No _

If no, exeep-tions have been circled on the attached Holding-
Table.

Affac-tad samples-/ action taken:

V.1-?

III. INSTSUMEHT CALI2HATIOH(S) : DIITIAI* AHO CONTINUING

Initial instrument calibrations were performed according to
method raqulraments ap^ oiat the specified control limits.

Yes Ho _

Exceptions:

.-bfii- ^libvi.^'a/, (5 -4 ^".o i*..; .̂ , rev
-,; 3-0 *.„.-.

6/ '. ,./6

«T.O

i.\*~te TLV
c;

r*/6

Samp 1 as Af f a<rbed/Qual if iars :
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EcoChemu inc.;
Paye of n

Yes
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No

no contaminants in the Method Blank 'above the
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No
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Pro}. tfo.:
Pag-e 4- of ll

Samples Affactad/Qualifiars

60

V. SUH2OS3HE 2SCOVS2Y

Surrogate spikad sample analyses ware performed and the rasul_j
mat tha method specific criteria.

Tes

Exceptions:

'. cj«~<.

Affactad Samp las/Qualifiers :

VI SA2IPLE AffllLYSIS

LaJaoratory Control /HlanJc Spike samples ware anal 7: ad and the
results wara within tha specified control limits.

Yes

Exceptions:

No /a-

to . ct
C,*, /L/H
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Proj. No . :

Pao-a- <" of. n

Affactad Samplas/Qualifiars

VII. LABOaATOHT DUPLICATE SAMPLE AMALYSIS

4u*llc*t9 analyses wara par*orraad according- to

Yas Ifo

'v. 04/7'- 'f^,., ., .'-

Affa<rtad Samp I aa /Qualifiers:

VIII. - FIELD OTFUCAIE SAMPLE AHAI.YSIS

accordia? to
tiia pracision (SPB) raaults wara wtthia

cootrol limits.
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EcoChemlncx.;
Pro:. No.: ' J ̂ >

Page G? or

Affected Samples/Qualifiers:

MATRIX SPIKED SAMPLE ANALYSIS

Yes 4̂ _ No

Exceptions:

$0+ ; i?7-
Affected

X. COMPOUND QOAHTITATIOH AND REPORTED DETECTION LIMITS

Compound quantisations were accurate and reported detection
limits were acceptable.

Yea

Exceptions:
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Fro j . No.:
Page Y

GSSC2 t̂tX£7

Casa Hamtlve

ix 0£ Castady/Saapla Tfradclng1 Infonatioa

Otl»r: ____ ___

i/L Initial Calibration

*' Continuing Calibration

O-taer:

LaJsora/tary Kathod

Surrogata Racovary Va>luas

LaJaoratorj Duplicate

Matrix Spika/Matrix Spika Duplicata Raaulta

T.ah Control /Blank Spika Sample Raaulta

Fiald Duplicate Rasulta -(blind)

Raw data - QC samples

Otiier:

O-bner:
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Page a of H

Sample Result Summary Sheets

Chronological list of all samples run. cor eaci:
instrument /method

Raw data. - sample results

Other: _

Other:

Phona

Discuss all contacts vith client and/or laboratory regarding
reaTThmtssion of data.

Include date/tine, contact name, deliverahles missing and resolution.

Vote: Direct contact with the laboratory' Is peroissable only if agreed
upon by the client:.
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HOLDING" 'J i Mi-'v

Saspl*
m

Hitrix
Samp lad

M H j

/5 J-^

>u
AM

E6>»/y;« 1 1 1 1 (| )> 11 C

Of \/ v

1
VTS2. - Va.lida.-tad Tim* of Sajapla Eaceipx

EcoChenxInc.



HOLSXNG TIMBy

Sampl*
IB

Hatrix
(S:W) Sampled

J£L̂ .i I) i/K

01 tl* If

VTSE - v&lid&tad Tim* of SaAple• Aaeaipt

EcoChernu Inc î
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REPOKT PTt Env<rorHnntat Services

TO 2995 Ba««Hn« Road.Suit* 202
Boulder. CO 80303

ATTEN Chris StUston*

PTt
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II. HOLDING TIHZ2

All mathod holding times wara mat.

\_S No _

aXC9|rtion3 ̂ va *••* circled on the attached Holding Time

POo-l ? r j ^ f c,-. JLyH-v

Affac-tad aamplas./action takan:

A> Cf (/ T ^ct,** fo \x_ fit**"- ^f i\^F?- C ^ ^ y Ux^^<-">

III. INSTSUMEHT CALI32AnOH(S) : INITIAL AHU COHTTSUING

Initial inatrymant calibrations wara parformad according to
tuetiiod raquiremanrs and rae-c til a spacifiad con-trol limits.d±;o%i . ^

Yas

Excap-tiona :

Wo

^H,-k ̂  ' . : _ . , , . ,

fO*'. r',

j ^ 3 <r,o ^.-Y. r^
- • ^ ; r^; i. „,^ .. :) i,, 3. u f c /v ^"d/

Samp las Affactad/Qualifiars:
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Page

Coatiauiag- iaatrumeat caliiratioa waa performed according to
method requiremeata and met specified control l imita .Ct . iovO

Yea

Exceptiona:

± )Q c/0

Samplea Affected/Qualifiers:

g _ 0 u - u ? ; .> 0 7 - fl,i~..,J-./ Tar

IV. LABOSATOHY (HETHOD) T̂.UVTT SMUTLZ ANALYSIS

Blanks ware analyzed at a frequency of oae per 20 samples, or per
sample delivery group (whichever ia more frequent), per matrix
type .

Yea I NO _

There were ao contamiaaata ia the Method Blank 'above the

Yea _ HO

If no Hat below:

Method /"Blank TO Con-feaminan-fe R L Cone.

(7. TT ^c. ,v _ ^

Pfl

CL I Pfb LL

0,10 t.OM^'i 0.
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Affacrad Samples/Qualifiers:

VII. LABORATORY DUPLICATE SAHPLE ANALYSIS

Laboratory duplicate analyses were performed according to the
method requirements and the precision (HFD) results were within
the specified control limits. C R f O ^ ^ o ' s * ' )

Taa

Zxcapriona :

Ifo

C

Li'- OQ-QQ. al ( 6/. L 0 '&>* Q,~l . 0.0 "', fif' r?" v'

Aff acted Samp las /Qualifiers:
.

. /?P.'J- 3'5 •/. .

VIII. • FIELD DUPLICATE SAHPLE ANALYSIS

Field duplicate analyses were performed according to the contract
raquirements and the precisian (RPD) results were within the
specified control limits.

Yea

Exceptions:

Ho

fli/V~V< ̂ fitt\

t~,tJ

/„,
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Affected Samples/Qualifiers:

MATRIX SPIKED SAMPLE ANALYSIS

Matrix spike samplers) analysis was performed according to method
requirements and accuracy (%R) results were within the specified
control limits, 6«?r% - 9-T%0

Yes I/ No

Exceptions:

T.-03 /•>». eo r*^ . «/ 0- «^p ,„, t

Samples/Qualifiers

X. COHPOOND QQANTITATION AND REPORTED DETECTION LIMITS

Compound quantltations were accurate and reported detection
limits were acceptable.

Yes No

Exceptions:
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. SAifFLZ RESULTS

Til » saatpla rasults wera raviawad and all identif icarions ware
accap-ta&le and ma-c maraod raquiramenrs .

Yaa *s No

Sxeap-tions:

OK

(ff+ r 4,' . . . . . . .,. t-

Affa<rtad Samp las /Qualifiers

HI. ADDITIOHAL HEIHOD SPZCIFIC QC HZQTJI2ZHEHTS NOT AJJDEZSSZD
ABOVE

[j H i ' *ia •*.<!>'_ PY' ^-C/^c* •/-. &^ /\o *• ^ ~ \<. ^ <.<•?&/ ^

( 0 ». / Cq ^,0 / / \ <r <^f , vu •<-(,,- na± pt <. ; ̂

. L)0 ajj.'~<i-l fht-J-^a-' C^c.^, ', ^

<:<?(>, |-._ ^ ^ , k/ 0 ? : no * j J , * - , * ' ' . * t n'fla^' f>x ^ 61

r •-*>* ~ g/.' f f ' t -

nil. OVEHALL ASSSSSMENT
«

' $«**.„ I f~ JQ\«f£ 0I_*">(< T" '

Cp

OK lyui-^i .^
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HhTHI 113/amLYSIS : /H ^ S u

X Cise Narrative

\/ of Cuarody/Sampls Tradclng Inforaatioa

Othar: _ __ ______

Initial Calibration

Continuing Calibration

Other:

Laboratory Method Blank

Surrogate Recovery Values

Laboratory Duplicate

Matrix Spike/Matrix Spike Duplicate Results

Lab Control/Blank Spike Sample Results

Field Duplicate Results -(blind)

Raw data - QC samples

Other:

Other:
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Sample Result Summary Sheets

Clirano logical lis-t of all samples ma for ea.ci
iaatr^imanr/merhod '

Saw data - sample results

Othar: _

Other:

Discnas all contacts wtm client and/or laboratory regarding
resnhmiasion of data.

Include date/time, contact, name, deliverables missing and resolution. —

Hbte: Dlrwrt contact witix tae laboratory Is permissable only if
upon by the client.
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TOSZSHZET (VOS-CLP BEZEQDS)

Haviawaar:

SAS 2To. (If appropriata):

Ha-tlxods Validatad:

ttatrhnrtn «odiflca-tioaa (if appropria-fca):

I.

All daliverahlas wars prasexrt &5 spacifiad for the ma-thod(s) and
QC laval.

Yas ( No

If Maow, sa* tlia attachad Dalivarailaa Chacitllat(s). for a list

Samp 1 as Affacrtad/Qualif tars:
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II. HOLDHTG TTHES

All method holding- times were mat.

Yes iX »o

If no, exceptions have been circlad on the attached Holding- Times
Table.

Affected samples-/ act ion. taken:

: ho r~'-i~.J

464. <" ., '.<. %ds \JH\ Cv b+ '•

III. INSTaTJHEHT CALISSATIOH(S): DTITIAL. AMD

Initial instrument calibrations were performed according- to
method requirements and met the specified control limits.

Yes ITo

Exceptions :

* 0

-fj

0

Samples Affected/Qualifiers:
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Continuing; instrument calibration was performed according- to
rue-chad retirements and mat specified control limits.

Yas

Exceptions:

' /HI ecu*, î ;̂ '.. ± t 0»/«. UQi ; p^ t ecu
d '0 °6 ( %1-0 '/^ IsOy'. a\ Ctv* ^--•" f -.j-, ^g. />•/<

L I I / » ^"%^ lat/'^ 6><-^ «*'' Cr-C.^^^1^ ^y^-< ^«««*t>Jn<^' •*

Samp1as A££actad/Qualifiars:

IV. LABORATORY (METHOD) *r.imr SAMPLE ANALYSIS

Blanks ware analyzed at a freô iency of one per 20 samples, or per
sample delivery group (whichever is more frecjuent), per matrix
type.

Yas \S Ho

There wara no contaminants in the Method Blank 'above thê AStT.

Yas Ho \S

If no list below:

Method/Blank ID Contaminant K*- / Cone. Action Level

CC&

Lt I Pf> LZ,

0.0 r.n/
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Samplas Affactad/Qualifiera:

V. SOSROGAIE HECOVERY

Surrogata spiked sample analyses were performed and the resultsm*-t tb* 9*<t&od specific criteria.

Excaptiona :

Affected Samples/Qualifiers:
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Affected Samples/Qualifiers:

VII. LABQSATOBY DUPLICATE SAHPLE ANALYSIS

Laboratory duplicate analyses were performed according; to the
method requirements and the precision (SPD) results were within
the specified control limits. LRto t-wi*^

Yes

Exceptions:

ff

^r7-r

Affected Samples/Qualifiers:

VIII. FTELD DUPLICATE SAMPLE ANALYSIS

Field duplicate analyses were performed according- to the contract
requirements n̂d the precision (3FD) results were within the
specified control limits.

Tea

Exceptions:

No

'<* C,'. ̂-cF —

«.<; . LS '• UO. : oc
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Affected Samples/Qualifiers:

IX. MATRIX SPIKED SAMPLE ANALYSIS

Matrix spike samplers) analysis was performed according to method
requirements and accuracy (%R) results were within the specified
control limits. LT5~% -h

-s-ws.doc

Yes _ No

Exceptions:

<1 ru~ tr ff ", ,'., •

Affected Samples/Qualifiers £)~a, - ** rit" **

no

X. COMPOUND QUANTITATION AND REPORTED DETECTION LIMITS

Compound quantitations were accurate and reported detection
limits were acceptable.

Yes _ No _

Exceptions:

c< f -!•
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Affa<rtad Saaplaa/QuaUfiar5
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OVESALL ASSESSMENT
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Bavlawer:

SAS HO. (if appropriate):

Hetioda Validated:

Ma-tiioda «odlfIcationa (if appropriate):

All deliveraJblas ware present as specified for the raetiiod(a)
QC level.

Yes \ Ho

If "no", 3«» the attached 33eliverahles OxecklistCs). fora, list a*
ommiaaions.

Sanrplea Affected/Qualifiers:
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All nariiod holding- times wara mat.

iX* »

If ao, axcaptions have baan c ire lad on tha attached Holding^ Times
Tail a.

Affa<rbad, samples-/ act ion. takaa:

ex.

fu/^i 3

IIX. £]Jjj t'T^LfhifM T- CALISBAXZOV(S) : LW1T1AI*. AHD COHTTNUTHG

Initial iaatruniaat caliirations wara par£ormad accordingr to
matliod raq^rlramanta azxi n»-fe th.a spacifiad coatrol 1 iraits

Tas Ho

_
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Continuing- instrument calibration was performed according- to
method requirements and met specified control limits. C<-<-v> L ±I0

Yes

Exceptions:

fl y S*. 9 q/j . a

A - ) / C / ' x /^ . ^/>..~ t i ' j * , JL/Qy
: /V//

L>J *• L*s', + *'. /. t- :j &/j.

Samples Affected/Qualifiers:

. 7?2,. II. nn '.?< ^o

IV. LABORATORY (UETHQD) ̂ T.ui«r SAUFLZ ANALYSIS

Blanks were analyzed at a frequency of one per 20 samples, or per
sample delivery group (whichever is more frequent), per matrix
type.

Yes V Ho
fiL

There were no contaminants in the Method Blank 'above the £B£L.

Yes Ko \/

If no list below:

Method/"Blank TT3 Contaminant Rl~ / Cone. Action Levej

MlU s UU^ 0 , io Q^

- / c c f t

:.< ' O.-H- — / e '•
7,07 10.^ ~*jjZ_ X
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Affected Samples/Qualifiers:

VII. LABOHATOBT DUPLICATE SAHPLE ANALYSIS

Laboratory duplicate analyses were performed according' to the
method retirements and the precision (BPD) results were within
the specified control limits. (_Rto

Yes \/ No

Exceptions :

Affected Samples/Qualifiers:

VIII. • FIELD DUPLICATE SAHPLE AHALYSIS

Field duplicate analyses were performed according* to the con.tra.c-i
requirements and the precision (UPD) results were within the
specified control limits.

Yes \ Mo

Exceptions:

Aot. ' ^^•l' ^^^9\( 6u-D ru^ <^ -£»^r?Tr ^u^; t . ,v>: ., i<?/?0 ^^ ^^/^^^,
>OOC ^__i^i_^^mf
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Arceccad Samples/Qualifiers:

IX. MATRIX SPIKED SAMPLE ANALYSIS

Matrix spike samplers) analysis was performed according to method
requirements and accuracy (%R) results ware within the specified
control limits. C 75- Vo

Yes _ No

Exceptions:

-JT'I /».«.« <n:i-'' -Cv /o ̂  6/-^^>

.T̂  (n, -^ ^^..^"'

Affected Samples/Qualifiers c*u<.<.<**ts *.'~.> ^i^f \jt*i*< > *• f-/V"- -7/.V-/

X. COMPOOHD QOANTITATION AMD REPORTED DETECTION LIMITS

Compound quantications were accurate and reported detection
limits were acceptable.

Yes No

Exceptions:

f /\ . t _ i, / >•, * - .

-^i,;^- »<
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Data.

Sample Result Summary Sheets

CJironological list: af all samples run cor 9Ac.u.
i AS trumant /me thod,

Haw data - sample results

Other:

Other:

Phona I.QCT

Discuss all contacts with client and/or laboratory regarding
resubmission of data.

Include data/time, contact name, dalivarablas missing and resolution.

Hate: Direct contact vita the laboratory is paroissabla only i£ agreed
upon, by toe client.
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CSiaXIST

Cis* Hanativ*

Chain of Costodf/Saopla Tiudcing1 InformKtion.

Otter:

Initial Calibration

Continuing Calibration

Otii»r:

Qtra ^ ̂  fcy CottLff ^? 1 SaflT .

^ LaJboratoty Mathod aianlc

t/\\ Sxirragata Racovery Valuaa

^ L a b o r a t o r y Duplicate

Katrix Spike/Matrix Spika Duplicate Results

l/K Lah Control /Blank, Spike Sample Results

Field Duplicate Results -(blind)

Raw data - QC samples

Otner:

Otlier:
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Sample Result Summary Sheets

Carcno log-teal list of all samples run for
taatrumen-c/metiiod

Haw data - sample results

Otaer:

Otaer:

Pb.ao.rn LffT

Discuss all contacts vita client and/or laboratory regarding
resubmission of data.

Include date/time, contact name, deliverables missing and resolution.

Bete: Direct contact with tne laboratory is permissable only if agreed
upon by tne client.
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V3VLH3AnOg TOBZSHEET (HOff-CLP BEZHQOS)

Saviawar:

SAS Ho. (i£ approprla±»):

Itothoda «odl£Ie«tiona (if approprlata):

All daliverailas wara prasen-t &s specif I ad far tha mathod(s)
QC laval. .

Yas 'X NO i/̂

If -no-. s»» -feiia attachad Dalivarailas Chacfclist(s). for a list of
ommiasioaa.

S*mplaa Affadrad/Quilif i»ra:
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April 10, 1992

Mr. Robert Barrick
PTI Environmental Services
15375 S.E 30th Place
Suite 250
Bellevue, WA 98007

RE: Data Validation
PTI Project #C132031
Huffman Laboratories: DOC fractionation, 28 aqueous samples
CSU Soil Testing Laboratory: Total Organic Carbon (TOC), six soil samples , .
Battelle Marine Sciences Laboratory: Arsenic speciation, 28 aqueous samples . ~ '-
(see Table 1 for Identification of Samples Reviewed)

Dear Mr. Barrick: ^

A review was performed on the above referenced analytical results from samples collected . -"
by PTI Environmental Services at the Industri-Plex site in Woburn, MA. A validation based
on EPA Functional Guidelines could not be performed as the methods used by the above ^
laboratories are not EPA methods, and do not specify similar quality control requirements. ^

The following are over-all observations of the submitted data, and any recommended A~|
qualifiers. ;:%V«L

' - ̂ JJr

DOC Fractionation T";" "'•

Data Completeness: The laboratory report contained chain-of-custodies, case narrative, ' v*
quality control summary and data summary forms. It should be noted that reported results
are not corrected for sample dilutions. No raw data from instrument readouts were
included.

091LMJS/Apnl 10. 1992/Firal
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Holding Times: The case narrative stated the samples were held at 4°C Analysis dates
were not clearly stated on the data summary forms. If the date stated on the form is the
analysis date, then holding times prior to analysis were from 31 to 67 days. No holding times
requirements were stated, but the length of holding times should be considered when
comparing results.

Blanks: The case narrative states that results were blank corrected based on the daily
laboratory blank. One field blank was submitted (OW101). The laboratory reported the
results as Sample OW10. Results for the field blank were greater than the reported
laboratory blank No data are qualified based on the field blank, as the common Functional
Guidelines method for blank qualification (i.e., five times rule) is judged by this reviewer as
inappropriate for this type of low-level analysis. However, the field blank results should be
considered by the data user when interpreting the data.

Laboratory Duplicates: The laboratory states in a December 30, 1991 letter that ail samples
were analyzed in duplicate. However, the report summaries do not provide the duplicate
results or indicate if values are averages. Results for one duplicate (OW12) were reported
at both 1:20 and 1:70 dilutions. The discrepancies between duplicates was attributed by the
laboratory to paniculate matter.

Field Duplicates: One field duplicate was submitted (OW17/OW17B). DOC, total
hydrophobics, and total hydrophilic results were identical for the two samples. The splits
between the base, acids, and neutral, however, indicated high variability (>100%).

Laboratory Check Standards: The laboratory stated in their QC Summary that 26 check
standards were analyzed with a mean recovery of 104% with a relative standard deviation
of 3%. Time of analysis, concentration, or source of the check standard was not provided,
but stated results indicate good laboratory quality control.

Overall Assessment: No data qualifiers for DOC are recommended based upon the data
package submitted, as the DOC method is not a routine analysis with established data review
guidelines. The laboratory submitted blank and check standard recovery results that indicate
quality control checks were maintained during the analysis. Laboratory duplicate analysis
results indicate high variability may be expected due to paniculate matter in the samples,
and the field duplicate results indicate that the base/acids/neutral fractionation may be highly
variable.

TOC

Data Completeness: The laboratory submitted the laboratory standard operating procedure
and the instrument raw data. The method does not include any quality control guidelines,
or reference a published method. No chain-of-custodies were submitted with the data.

10. 199Z/Final
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Holding Times: According to the laboratory report samples were received on 12/10/91.
Analysis was performed on 1/13/92. As the samples are air dried and ground prior to
analysis, it is unlikely holding time would have an effect on results.

Blanks: Laboratory method blanks were analyzed before and after sample analysis. Results
for Sample SC1-12 were not significantly different than the blank results. Therefore it is
recommended this result be qualified as non-detected (U).

Laboratory and Field Duplicates: No laboratory or field duplicates were noted.

Overall Assessment: As no laboratory quality control checks were noted, other than blanks,
it is difficult to judge the quality or comparability of the data. One sample result (SCI-12)
is judged not to be significantly different than the blank, and is recommended to be qualified
as U at the reported value. As the method used is not an EPA method with data review
guidelines, no additional qualifiers are recommended.

Arsenic Speciation

Data Completeness: The laboratory reported a data summary with associated Standard
Reference Material (SRM), replicates, and matrix spike results.

Holding Times: Holding times or dates of analyses were not provided.

Blanks: Laboratory blank results were not reported. One field blank (OW101) was.
submitted. Total inorganic arsenic was reported as 0.11 /xg/L and methyl arsenic as not
detected in the field blank. One sample results (OW15) was within five times the field blank
results and is recommended to be qualified as non-detected at the reported value (0710~

Laboratory and Field Duplicates: Results for two laboratory duplicates and one laboratory-
triplicate were reported. Relative percent differences between replicates were less than.
10%, indicating good precision. One field duplicate was submitted (OW17/OW17B). Total
inorganic arsenic results for the field replicate were significantly different (0.57 ̂ tg/L and 11.1
/xg/L). This difference in field duplicate results should be considered when interpreting the
data.

Laboratory Control Sample Results: Results for three SRM analyses were reported. All
results were within the confidence interval listed for the SRM.

Matrix Spike Results: Results for three matrix spikes were reported. Recoveries ranged
from 79% to 105% indicating good analytical recovery.

Overall Assessment: The laboratory results reported for the duplicates, SRM, and matrix

0911MlS/Apnl 10. 1992/Fln.l
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spikes indicated good laboratory precision and recovery. One sample results (OW15) is
recommended to be qualified as non-detected (U), because the associated field blank
concentration was within five times the sample results. Field replicate precision was poor
and should be considered when interpreting the data.

Sincerely,

Ann K. Bailey
President
EcoChem, Inc.

Attachments

WltMISMpnl 10, 19Wr.ru!
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Table 1. Identification of Samples Reviewed

Sample Identification

DOC:

OW101 OW41 OW4A OW17
OW38 OW32 OW36 OW37
OW43 OW11 OW16 OW31
SMI SM4 EQ1B-3941 EQ1B-2627
EQ2B-7,8,9 EQ3B-6,7,8,9 EQ3B-31,32,33 EQ2B-31,32,34
OW1A OW15 OW33A OW12
OW17B OW47 OW42 OW19A

TOC:

SC14 SCI 12 SC22 SC26
SC31 SC37

Arsenic Speciation:

OW1A OW15 OW17B OW42
OW33A OW38 OW101 OW47
OW41 OW17 OW12 OW19A
OW16 OW32 OW11 EQ1A-3
OW373 OW363 OW313 OW483
OW48A EQ3B-23 EQ3B-3 EQ2A-3
EQ2B-22 EQ3A-31 - SMI SM4

WltMIS/Aphl 10. 1992/Final
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APPENDIX D3

Hall's Brook Holding Area and
Metals Mobility

Data Validation Documentation

Dissolved Organic Carbon,
Total Organic Carbon and
Arsenic Speciation Data
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April 10, 1992

Mr. Robert Barrick
PTI Environmental Services
15375 S.E. 30th Place
Suite 250
Bellevue, WA 98007

RE: Data Validation Report Letter
PTI Project #C1320301
Columbia Analytical Services
Laboratory Work Order Numbers: K916914, K916849, K916827, K916824
BTEX Analyses: See Table 1 for Identification of Samples Reviewed

Dear Mr. Barrick:

A validation was performed on the BTEX analytical data from 44 aqueous samples and 15
soil samples collected by PTI Environmental Services at the Industri-Plex site in Woburn,
MA. The data were evaluated based on the Region I Laboratory Data Validation
Functional Guidelines for Evaluating Organic Analyses. February 1988, for the following
parameters:

* - data completeness
holding times
calibration
blanks
surrogate recoveries
matrix spike/matrix spike duplicate
field duplicates
instrument performance
compound identification
compound quantitation

* All criteria were met for this parameter.

Table 2 summarizes the validation recommendations which were based on the following
information;

OTllflTX/Aprt 10, \992SPiml



Holding Times

Compound

Benzene

Toluene

Qualifier

J

J

Sample Number

OW17; OW17B; OW31

OW16

Reason

Dilutions analyzed outside the seven
day analysis holding time by 4-5 days.

Dilutions analyzed outside the seven
day analysis holding time by 4 days.

Samples OW16; OW17; OW17B; and OW31 were initially analyzed within analysis holding
times. Dilutions were necessary for one compound in each sample. All four dilutions were
analyzed 4 to 5 days outside of analysis holding times. Those positive identifications for
which the dilutions were performed have been qualified as estimated quantities. Qualified
data are summarized in the table above.

Calibration

Compound

Benzene

Toluene

Qualifier

J

J

Sample Number

OW16; OW31

OW16; OW31

Reason

Continuing calibration exceeded 25%D limit
(%D = 33%).

Continuing calibration exceeded 25%D limit
(%D = 30%).

Continuing calibration criteria (.<.25%D) were not met for benzene (33%) and toluene
(30%) in one continuing calibration standard that was used for quantitation. All positive
benzene and toluene results have been qualified as estimated quantities for samples that
were analyzed following this out-of-control sample. Qualified data are summarized in the
table above.

MUBTX/Aprtt 10.



Blanks

Compound

Benzene

Toluene

Qualifier

Uat
Reported Value

U a t
Reported Value

Sample Number

OWtl; OW16; OYV38;
OW48A; SM4

OW32; OW36; OW43;
SMI; SM3

Reason

Field blank contamination greater-
than CRQL and less than 5 times
blank concentration.

Field blank contamination greater
than CRQL and less than 10 times
blank concentration.

Field blank OW101 contained benzene at 11.3 u-g/L and toluene at Sjig/L. For benzene, all"
positive results in five associated samples that were greater than CRQL but less than five
times the field blank contamination have been qualified as not present at the value reported^

For toluene, all positive results in five associated samples that were greater than CRQL but
less than ten times the field blank contamination have been qualified as not present at the
value reported.

Surrogate Recovery

Compound

All Compounds

All Compounds

Qualifier

J(+)/
UJ(-)

J(+)/
UJ(-)

Sample Number

SC3-2; SC3-4; SC3-6

EQ3A-5; EQ3A-16;
EQ3A-42

Reason .~

Surrogate recoveries outside 50 • 1304&
QC limits. (29-41%) '̂

Surrogate recoveries outside 60 - 120%
QC limits. (37-54%)

%

f

Surrogate recoveries were below QC limits for three soil and three water samples- Alt
results for these six samples have been qualified as estimated due to the possible low bias:
Qualified data are summarized in the table above.

Matrix Spike/Matrix Spike Duplicate •I
- - .

Results for benzene were not calculated for one soil MS/MSD pair. The sample analyzed,
just prior to the MS/MSD contained a very high level of benzene. The high level of benzent
found in the MS/MSD appeared to be carry over from the benzene found in this sample*.
Since all other spike results were acceptable for this MS/MSD pair, no qualifications of
associated data are recommended.

Results for benzene, toluene and ethylbenzene were below QC limits for one soil matrix-
spike. (Recoveries were 13.6%, 30.6%, and 311%, respectively.) All results for the matrix

WILBTX/Apnt 10. tWZ/Pinil
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spike duplicate and the Jab control sample were within QC limits. The laboratory suspected
the high water content of this sample to be a factor in the low recoveries. No data were
qualified based on the spike recoveries alone. Surrogate recoveries were monitored to
evaluate the laboratory's ability to recover spiked compounds.

Overall Assessment

Generally, the laboratory performed the BTEX analyses within method specifications. A few
problems were found and results have been recommended qualified where it was deemed
appropriate. The data, as qualified, are acceptable for use.

Attached are Table 1 - Identification of Samples Reviewed; Tables 2a and 2b -
Recommendation Summaries; Table 3 - Data Summary with Qualifiers; and BTEX Data
Validation Worksheet

Sincerely,

Ann K. Bailey
President
EcoChem, Inc.

Attachments

EcoChem. Inc.



Table 1. Identification of Samples Reviewed

Sample Identification

Water

EQ1A-4
EQ1A-43
EQ2A-24
EQ3A-5
EQ3A-33
OW1A
OW16
OW31
OW37
OW43
OW101

Soil:

SC1-1
SC1-12
SC2-9B
SC3-4

EQ1A-19
EQ2A-5
EQ2A-29
EQ3A-8
EQ3A-42
own
OW17
OW32
OW38
OW47
SMI

SC1-3
SC2-B
SC2-3B
SC3-6

EQ1A-23
EQ2A-
EQ2A-33
EQ3A-16
EQ7-45
OW12
OW17B
OW33A
OW41
OW48A
SMS

SC1-6
SC2-3B
SC3-1
SC3-9

EQ1A-34
EQ2A-16
EQ2A-1
EQ3A-24
EQ7-46
OW15
OW19A
OW36
OW42
OW100
SM4

SC1-9
SC2-6B
SC3-2

MOBTX/Apol 19. 19»Win«t
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Table 2a: Recommendation Summary for Water Samples.

Analyte

Benzene

Toluene

Ethyl benzene

Xylenes

Qualifier

JS J2, J3, U1

JS Jz, J3, u»
J3, UJ1

J3, UJ1

Codes:

P Consider positive results estimated (J) due to analysis beyond holding time.
Estimated results are biased low.

P Estimate (J) positive results due to out-of-control continuing calibration.

U1 Consider positive results greater than CRQL and less than blank action level as not
detected due to the possibility of false positives based on field blank contamination.

J3 Estimate positive results (J) due to low surrogate recoveries. Estimated results could
be biased low.

UJ1 Estimate nondetect results (UJ) due to low surrogate recoveries. Estimated CRQLs
could be biased high.

NOTE: See report narrative for affected samples

10.
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Table 2b (Continued): Recommendation Summary for Soil Samples.

Analyte

Benzene

Toluene

Ethyibenzene

Xylenes

Qualifier

Jl

up
UJ1

UJ'

Codes:

J1 Estimate positive results (J) due to low surrogate recoveries. Estimated results could
be biased low.

UJ1 Estimate non detect results (UJ) due to low surrogate recoveries. Estimated CRQLs
could be biased high.

f

NOTE: See report narrative for affected samples

•w."
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CLP DATA VALIDATION FORM Contract No: CC£j (Z

PARTG PJSHQBEECBANALYSES SDGNo:

Reviewer:

Sr. Review:

Date:

1*0 Chain of Custodr and Laboratory Narrative

Yes No N/A 1.1 Are the Chain of Custody forms present for all samples?

^ Action: If no, contact lab for replacement of missing or illegible
copies.

Yes No N/A 12 Do the Chain of Custody or Lab Narrative indicate any problems with
> sample receipt, condition of samples, analytical problems

fej or special notations affecting the quality of the data?

Action: Use professional judgement to evaluate the effect on the
quality of the data.

Action: If any sample analyzed as a soil contains more than 50%
water, all data should be flagged as estimated (J).

2.0 Holding Times
[p. 26 (F.G.'88)J
CLP Form I PEST

Yes No N/A 2.1 Have any PEST/PCB extraction holding times, determined from date
.̂ ̂  of collection to date of extraction, been exceeded?

LJ A
Waters = 7 days
Soils = 14 days

Yes No N/A 22 Have any PEST/PCB analysis holding times, determined from date of
; ̂ $ extraction to date of analysis, been exceeded?

PCB-1



Sample

-Ho

Matrix

AJ

Date
Sampled

\
l l 7 t

Date
Extracted

Date
Analyzed Qualifier

Action: If 40 CFR 136 holding times are exceeded, flag all positive
results as estimated (I) and sample quantitation limits as
estimated (UJ) and document to the effect that holding times
were exceeded.

1. If holding times are grossly exceeded, either on the
first analysis or upon re-analysis, the reviewer must
use professional judgment to determine the reliability
of the data and the effect of additional storage on the
sample results. The reviewer may determine non-
detect data are unusable (R).

PCB-2



Due to the limited information concerning holding
times for soil samples, it is left to the discretion of the
data reviewer to apply water holding time criteria to
sofl samples.

3.0 Pestidde/PCB Standards Sammanr
[p. 27-29 (F.G.'SS]
CLP Fonns VTO PEST-1, VIII PEST-2, K PEST

Yes No N/A 3.1 Is DDT retention time for packed columns > 12 min (except OV-1
. ̂  and OV-101 columns)?

LJ ,2L

Action: 1C no, check that there is adequate resolution between
. individual components. If not, flag results for compounds that

interfere with each other (co-elute) "R".
U. <i

Yes No N/A 32 Is Form DC present and complete for each GC column and 72 hours
sequence of analyses?

Action: If no, take action specified above.

Yes No N/A 33 Are there any transcription/calculation errors between raw data and
/ Form DC?

- 03 _
Action: If large errors exist, call lab Cor explanation/resubmittal, make

any necessary corrections and note errors under
"Conclusions."

Yes No N/A 3.4 Do all standard retention times fall within the windows established for
the first IND A and IND B analyses?

Yes No N/A 3.5 Has the total breakdown on quantitation or confirmation column
- exceeded 20% for DDT?

— u ^
Yes No N/A - for Emira?

_ U

Yes No N/A - or if Endrin aldehyde and 4,4'-DDD co-elute and there is a peak at
/ their retention time, has the combined DDT and

_ [ _ ] /^ Endrin breakdown exceeded 20%?

PCB-3



Action:

a. If DDT breakdown is greater than 20% on quantitation column
beginning with the samples following the last in control standard:
1. Flag all positive DDT results "J."
2. If DDT was not detected but DDD and/or DDE are positive,

flag the DDT non-detect "R."
3. Flag positive DDD and DDE results "JN."

4. If DDT breakdown is >20% on confirmation column and
DDT is identified on quantitation column but not on
confirmation column, use professional judgement to determine
whether DDT should be reported on Form I (if reported, flag
result "N").

b. If Endrin breakdown is >20% on quantitation column, beginning with
the samples following the last in control standard:
1. Flag all positive Endrin results "I."
2. If Endrin was not detected, but Endrin Aldehyde and/or

Endrin Ketone are positive, flag the Endrin non-detect "R."
3. Flag Endrin Ketone positive results "JN."
4. If Endrin breakdown is >20% on confirmation column and

Endrin is identified on quantitation column but not on
confirmation column, use professional judgement to determine
whether Endrin should be reported on Form I (if reported,
flag result "N").

c. If the combined breakdown is used and is >20% on quantitation
column beginning with the last in control standard, take the actions
specified a and b above. If the combined breakdown is >20% on
confirmation column and Endrin or DDT is identified on quantitation
column but not on confirmation column, use professional judgement
to determine whether Endrin or DDT should be reported on Form
I (if reported flag result "N").

Yes No N/A 3.6 Is the % difference between the evaluation and each analysis
(quantitation and confirmation) DEC retention time within QC

[ ] \L limits (<L5% for 0.53mm LD. Mecabore columns and <OJ% for
025f)32mm LD. narrow bore columns).

Action: DEC retention time cannot be evaluated if DEC is
not detected. If it is present and has a retention time
out of QC limits, then use professional judgment to
determine the reliability of the analysis and flag
results "R," if appropriate.
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4.0 Calibration and GC Performance
[p. 30-32 (F.G.'SS)]
CLP Form Vm PEST-1

4.1 Are the following Gas Chromatograms and Data System Printouts for
both Primary and Confirmation (confirmation standards not required
if there are no positive results above CRQL) columns present:

*N
Yes No N/A a. Evaluation Standard Mix Ao<r
Yes No N/A b. Evaluation Standard Mix B C fy^^_ ^_ fJL\_

N/A c. Evaluation Standard Mix C

Yes No N/A d. Individual Standard Mix A

U- 7*
Yes No N/A e. Individual Standard Mix B

Yes No N/A L Toxaphene
LJ

Yes No N/A g. Aroclors 1016/1260
LJ _ -£

Yes No N/A h. Aroclors 1221,1232,1242,1248 and 1254
L _ I _ ^

Action: If no, take action specified above.

Yes No N/A 42 Is Form VDI Pest-1 present and complete for each GC column
/ (primary and confirmation) and each 72 hour sequence of

F>-l analyses?

Action: If no, take action specified above.

Yes No N/A 43 Are there any transcription/calculation errors between raw data and
Form Vm?

__ M

Action: If large errors exist, call lab for explanation/resubmittai, make
any necessary corrections and note errors under
"Conclusions."
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4.4 Check Calibration Factors and % RSD

Yes No N/A 4 .5 1$ the linearity check RSD of all four calibration factors < or = 10%
for the quantitation column? ^ Q\i_ „ ^> On L

oic-

Action: If no, Sag positive hits for all pesticide and PCS analytes T
for all associated samples. Do not flag toxaphene or DDT if
they are quantified from a 3-point calibration curve.

Yes No N/A 4.6 If toxaphene or the DDT series was identified and quantitatcd. was
a 3-point minimum calibration established?

Yes No N/A 4.7 Was the proper analytical sequence followed for each 72 hour period
of analyses (page PEST D-36 in 8/8' / SOW). 3 Q o Jv>J cc_ o *c-

Action: If no, use professional judgement to determine the severity of
the effect on the data and accept or reject it accordingly.
Generally, the effect is negligible unless the sequence was
grossly altered or the calibration was also out of limits.

Yes No N/A 4.8 Are the continuing calibration standard calibration factors within 15%
, (for quantitation column) or 20% (for confirmation

[ _ ] y<. _ column) of the initial (at beginning of 72 hour sequence) calibration
factors? (o o-/T >fj '2-^T3S- "-J""* <^2> *r> -'>-*•

Action: If no, flag aU associated positive results "I." Use professional
judgement to determine whether or not the flag non-detects.

5.0 Blanks (Form IV>
[p. 33-34 (F.G.'88)
CLP Form IV

Yes No N/A 5.1 Is the Method Blank Summary (Fopra IV) present?

Yes No N/A 5.2 Does the Method Blank Analysis(es) contain less than the Contract
. Required Quantitation Limits (CRQLs) of any

X _ -p«MMideff€9>or interfering peak?

Action: If a<£ES37P€B-tf. found in the blank but not found in the
sample(s), no action is taken.

TOCO
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Any PEST/PCB detected in the sample and also detected in
any associated blank must be qualified when the sample
concentration is less than 5 times the blank concentration.
Use form on next page.

Yes No N/A 53 Frequency of Analysis: for the analysis of Pesticide TCL
,./ compounds, has a reagent/method blank been analyzed for each

f / i set of samples or every 20 samples of similar matrix (low water,
medium water, low sofl, medium soil), whichever is more frequent?
Note Also review project QAPP.

5.4 Chromatography: review the blank raw data - chromatograms, quant
reports or data system printouts.

Yes ,No N/A Is the chromatographic performance (baseline stability) for each
/ instrument acceptable for PEST/PCBs?

t»a
Action: Use professional judgement to determine the effect on the

data.

6-0 Surrogate Recovery (Form ID
[p. 35 (F.G.'SS]
CLP Forms IIPEST-1, H PEST-2

6.1 Are the PEST/PCB Surrogate Recovery Summaries (Fojm'n) present
for each of the following matrices:

No N/A a. Low Water

Yes No N/A b. Low Soil

Yes No N/A, c. Med Soil
L_J

No N/A

62 Are all the PEST/PCB samples listed on the appropriate Surrogate
Recovery Summaries for each of the following matrices:

No N/A a. Low Water

Yes No N/A b. Low Soil
LJ

No MA
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Yes No NMx- MedSoil

Action: Call lab for cxplanation/resubmittals. If missing deliverables
are unavailable, document effect on data under "Conclusions"
section of reviewer narrative.

Yes No N/A 63 Were outliers marked correctly with an asterisk?

Yes No

__ &1 _

Action:

N/A 6.4

Circle or highlight all outliers.

Was surrogate (Pfid) recovery outside of the contract specification
for any sample or blank?

Action: No qualification is done if surrogates arc diluted beyond
detection. If recovery is below contract limit (but above
zero), flag ail results for that sample "I." If recovery is-zero,
flag positive results T and non-detects "R." If recovery for
the blank is zero, flag non-detects for all associated samples
"R." If recovery is above contract limit, flag all positive
results for that sample "J", unless in the reviewer's
professional judgement the high recovery is due to co-eluting
interference (check the associated blank - if recovery is high
there also, flag the sample data).

Sample*

^^

^"

^

Surrogate Recovery

AcjL_ -

„/'

^^

QC Limits

^,--

^

- '

OIL

Qualifiers

^^~

^
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Yes No N/A 6J Arc there any transcription/calculation errors between raw data and
Form IIs.

Action: If large errors exist, call lab for expianation/resubimttal, make
any necessary corrections and note errors under
"Conclusions."

7.0 Matrix Spikes
[p. 36 (F.G.'tt)]
CLP Forms HI PEST-1, IH PEST-2

Yes/ No N/A 7.1 Is the Matrix Spike Duplicate/Recovery Form (Fbpnxni) present?

72 Were matrix spikes analyzed at the required frequency for each of the
following matrices:

Yes/ No N/A a. Low Water

Yes No N/A b. Low Soil
LJ _

Yes No N/A c. MedSoil

Action: If any matrix spike data are missing, take the action specified
above

73 How many PEST/PCB spike recoveries are outside QA limits? Lost
all recoveries outside of QC limits.

Water
Q) out of 12 out of 12

Sample # Compound MS
%Rec.

MSB
%Rec.

PCS-9



7.4 How many RPDs for matrix spike and matrix spike duplicate
recoveries are outside of QC limits. List all RPDs outside of QC
limits.

Water
out of 6 frit of (

Sample Compound RPD

OiC

Action: If. MS and MSD both have less than 10% recovery for an
analyte, negative results for that analyte should be rejected,
and positive results should be flagged "J." The above applies
only to the sample used for the MS/MSD analysis. Use
professional judgement in applying this criterion to other
samples in the package.

8.0 Field Duplicates

Yes No N/A 8.1 Were any field duplicates submitted foi PEST/TCD analysis?

Action:

Action:

Compare the reported results for field duplicates and
calculate the relative percent difference.

Any gross variation between field duplicate results must be
addressed in the reviewer narrative. However, if large
differences exist, identification of field duplicates should
confirmed by contacting the sampler.

9.0

Yes No N/A 9.1

Pestidde/PCB Identification
[pp. 37-38 (F.G.'88)]
CLP Forms I PEST, X-PEST

Is Form X complete for every sample in which a pesticide or PCB
was detected?

PCB-10



Yes No N/A 92, Are there any transcription/calculation errors between raw data and
/ FbrraX.

_ u X
Action: If large errors exist, call lab for explanation/resubmittal, make

any necessary corrections and note errors under
"Conclusions."

Yes No N/A 93 Are retention times of sample compounds within the calculated
/ retention time windows for both quantitation and confirmation

(Xj analyses?

Yes No N/A Was GC/MS confirmation provided when required (when compound
r^/ concentration is >10ug/ml in final extraa)?

«-" - A
Action: Reject ("R") all positive results (meeting quantitation column

criteria, but missing confirmation by a second column or
GC/MS (if appropriate). Also, reject ("R") all positive results
not meeting retention time window criteria unless associated
standard compounds are similarly biased (Le, base on RRT to
DEC).

Yes No N/A 9.4 Check chromatogram for false negatives, especially for the multiple
peak components toxaphene and PCBs. Were there

\\Jf any false negatives?

9.5 GC/MS Confirmation, if required.

10.0 Compound Ooantitation and Reported Detection Limits
[p. 38 (F.G.'88)]

Yes No N/A 10.1 Are there any transcription/calculation errors in Form I results?
// Check at least two positive values. Were any errors found?

Note: Simple peak pesticide results can be checked for rough agreement
between quantitative results obtained on the two GC columns. The
reviewer should use professional judgment to decide whether a much
larger concentration obtained on one column versus the other
indicates the presence of an interfering compound. If an interfering
compound is indicated, the lower of the two values should be
reported and qualified as presumptively present at an estimated
quantity ("IN"). This necessitates a determination of an estimated
concentration on the confirmation column. The narrative should
indicate that the presence of interferences has obscured the attempt
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at an second column confirmation.

Yes No N/A 1(X2 Are the CRQLs adjusted to reflect sample dilutions and, for soils,
sample moisture?

Action: If errors are large, call lab for explanation/resubmittal, make
any necessary corrections and note errors under
"Conclusions."

Action: When a sample is analyzed at more than one dilution^ the
lowest CRQLs are used (unless a QC **r*'**1apcc dictates the
use of the higher CRQL data from the diluted sample
analysts). Replace concentrations that exceed the calibration
range in the original analysis by crossing out the TT value on
the original Form I and substituting it with data from the
analysis of diluted sample. Specify which Form I is to be
used, then draw a red "X" across the entire page of all Form
Is that should not be used, including any in the summary
package.

11.0 Chromatogram Quality

Yes No N/A 11.1 Were baselines stable?

Yes No N/A 11.2 Were any electropositive displacement (negative peaks) or unusual
peaks seen?

Yes No N/A 11J Were early during peaks (for early during analytes) resolved to
baseline?

Action: For 11.1 and 112, comment only. For 113, reject ("R") those
analytes that are not sufficiently resolved.

12.0 Contamination

Note: "Water blanks" and "distilled water blanks" are validated like any
other sample and are not used to qualify data. Do not confuse them
with the other QC blanks discussed below.

PCB-12



Yes No N/A 12.1

Yes No

u

Do any method/instrument/reagent blanks have positive results for
PEST/PCBs? When applied as described below, the
contaminant concentration in these blanks are multiplied by the
sample DQution Factor.

N/A 112 Do any field/rinse blanks have positive PEST/PCB results?

St^j*^-/
Action: Prepare a list of the samples associated with each of the

contaminated blanks. (Attach a separate sheet)

Note: Only field/rinse blanks taken the same day as the samples are
used to qualify data. Blanks may not be qualified because of
contamination in another blank. Blanks may be qualified for
surrogate, spectral, tuning or calibration QC problems.

Action: Follow the directions in the table below to qualify TCLresults
due to contamination. Use the largest value from all the

blanks.

Sample conc> CRQL
but < 5 z blank

Flag sample result
wrthalT; cross
out *B' flag

Sample cone < CRQL
Is < 5 x blank value

Reject sample result
and report CRQL;
Cross out *B* flag

Sample eooc > CRQL
value & > 5 x blank value

No qualification is needed

Yes No N/A 123. Are there field/rinse/equipment blanks associated with every sample?

Action: For low level samples, note in data assessment that there is
no associated field/rinse/equipment blank.
Exception: samples taken from a drinking water tap do not
have associated field blanks.
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CLP DATA VALIDATION FORM Contract No: CCPl < ~__

PART C-PES'UCIDE/PCB ANALYSES SDG No:

Reviewer:

Sr. Review:

Date:

LO Chain of Custody and Laboratory Narrative

Yes No N/A 1.1 Are the Chain of Custody forms present for all samples?

Action: If no, contact lab for replacement of missing or illegible
copies-

Yes No N/A 1.2 Do the Chain of Custody or Lab Narrative indicate any problems with
- sample receipt, condition of samples, analytical problems

fsfl. or special notations affecting the quality of the data?

Action: Use professional judgement to evaluate the effect on the
quality of the data.

Action: If any sample analyzed as a soil contains more than 50%
water, all data should be flagged as estimated (J).

2.0 Holding Times
[p. 26 (F.G.'SS)]
CLP Form I PEST

Yes No N/A 11 Have any PEST/PCB extraction holding times, determined from date
/• of collection to date of extraction, been exceeded?

_ LJ JSr
Waters = 7 days
Soils = 14 days

Yes No N/A 12 Have any PEST/PCB analysis holding times, determined from date of
extraction to date of analysis, been exceeded?

PCB-1



Sample
Matrix

Date
Sampled

AIL/

Date
Extracted

Date
Analyzed Qualifier

Action: If 40 CFR 136 holding times are exceeded, flag all positive
results as estimated (J) and sample quantitation limits as
estimated (UJ) and document to the effect that holding times
were exceeded.

1. If holding times are grossly exceeded, either on the
first analysis or upon re-analysis, the reviewer must
use professional judgment to determine the reliability
of the data and the effect of additional storage on the
sample results. The reviewer may determine non-
detect data are unusable (R).
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Due to the limited information concerning holding
times for sofl samples, it is left to the discretion of the
data reviewer to apply water holding time criteria to
sofl samples.

3.0 Pestidde/PCB Standards Sammarr
[p. 27-29 (F.G.'88]
CLP Forms VIH PEST-L VIE PEST-2, IX PEST

Yes No N/A 3.1 Is DDT retention time for packed columns > 12 min (except OV-1
and OV-101 columns)?

Action: 1C no, check that there is adequate resolution between
. individual components. If not, flag results for compounds that

interfere with each other (co-elute) "R".

Yes No N/A 32 Is^Form DC'present and complete for each GC column and, 72. hours
sequence of analyses?

Action: 1C no, take action specified above.

Yes No N/A 33 Are there any transcription/calculation errors between raw data and
Form DC?

Action: If large errors exist, call lab for expianation/resubmittal, make
any necessary corrections and note errors under
"Conclusions."

Yes No N/A 3.4 Do all standard retention times fall within the windows established for
the first END A and IND B analyses?

>*--
Yes No N/A 3.5 Has the total breakdown on quantitation or confirmation column

exceeded 20% for DDT?

- u
Yes No N/A -forEndrin?

_ u
Yes No N/A -or if Endrin aldehyde and 4,4'-DDD co-elute and there is a peak at

their retention time, has the combined DDT and
_ f 1 A Endrin breakdown exceeded 20%?
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Action:

a. If DDT breakdown is greater than 20% on quantitation column
beginning with the samples following the last in control standard:
1. Hag all positive DDT results "J."
2. 1C DDT was not detected but DDD and/or DDE are positive,

flag the DDT non-detect TL"
3. Flag positive DDD and DDE results "JN."

4. If DDT breakdown is >20% on confirmation column and
DDT is identified on quantitation column but not on
confirmation column, use professional judgement to determine
whether DDT should be reported on Form I (if reported, flag
result 'N").

b. If Endrin breakdown is > 20% on quantitation column, beginning with
the samples following the last in control standard:
1. Flag all positive Endrin results "J."
2. It Endrin was not detected, but Endrin Aldehyde and/or

Endrin Ketone are positive, flag the Endrin non-detect "R."
3. Flag Endrin Ketone positive results "JN.*
4. If Endrin breakdown is >20% on confirmation column and

Endrin is identified on quantitation column but not on
confirmation column, use professional judgement to determine
whether Endrin should be reported on Form I (if reported,
flag result "N").

c. If the combined breakdown is used and is >20% on quantitation
column beginning with the last in control standard, take the actions
specified a and b above. If the combined breakdown is >20% on
confirmation column and Endrin or DDT is identified on quantitation
column but not on confirmation column, use professional judgement
to determine whether Endrin or DDT should be reported on Form
I (if reported flag result "N").

Yes No N/A 3.6 Is the % difference between the evaluation and each analysis
/ (quantitation and confirmation) DBC retention time within QC

[ ] y^ limits (<1.5% for 0-53mm LD. Mecabore columns and <03% for
(X25/)32mm LD. narrow bore columns).

Action: DBC retention time cannot be evaluated if DBC is
not detected. If it is present and has a retention time
out of QC limits, then use professional judgment to
determine the reliability of the analysis and flag
results "R," if appropriate.

PCB-4



4.0 Calibration and GC Performance
[p. 30-32 (F.G.'SS)]
CLP Form VIII PEST-1

4.1 Are the following Gas Chromatograms and Data System Printouts for
both Primary and Confirmation (confirmation standards not required
if there are no positive results above CRQL) columns present:

Yes No N/A a. Evaluation Standard Mix A
LJ ^£

Yes No N/A b. Evaluation Standard Mix B
LJ ^L

cc_
Yes No N/A c. Evaluation Standard Mix C

LJ^_
Yes No N/A d. Individual Standard Mix

¥
Yes No N/A e. Individual Standard Mix B
LJ >C

Yes No N/A f. Toxaphene

Yes No N/A^ g. Aroclors 1016/1260

Yes No N/A h. Aroclors 1221, 1232, 1242, 1248 and 1254
LJ __ X

Action: If no, take action specified above.

Yes No N/A 42 b^Fbnn Vm Pest-l' present and complete for each GC column
(primary and confirmation) and each 72 hour sequence of

yi _ _ analyses?

Action: If no, take action specified above.

Yes No N/A 43 Are there any transcription/calculation errors between raw data and
Form Vffl?

Action: If large errors exist, call lab for explanation/resubmittal, make
any necessary corrections and note errors under
"Conclusions."
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4.4 Check Calibration Factors and % RSD

Yes No N/A 4_5 Is the linearity check RSD of all four calibration factors < or = 10%
for the quantitation column?LJ _ y/

Action: If no, Sag positive hits for all pesticide and PCB anaiytes T
for all yssofMtH samples. Do not flag toxaphene or DDT if
they are quantified from a 3-point calibration curve.

Yes No N/A 4.6 If toxaphene or the DDT series was identified and quantitated, was
a 3-point minimum calibration established?

LJ

Yes No N/A 4.7 Was the proper analytical sequence followed for each 72 hour period
of analyses (pugc PC^T D-36 iu 0/07 SOW).* ̂ g-Q ff/^jc?

Action: If no, use professional judgement to determine the severity of
the effect on the data and accept or reject it accordingly.
Generally, the effect is negligible unless the sequence was
grossly altered or the calibration was also out of limits.

Yes No N/A 4.8 Are the continuing calibration standard calibration factors within 15%
(for quantitation column) or 20% (for confirmation

_ _ column) of the initial (at beginning of 72 hour sequence) calibration
factors?

Action: If no, flag all associated positive results "J." Use professional
judgement to determine whether or not the flag non-detects.

5.0 Blanks (Form IV>
[p. 33-34 (F.G.'SS)
CLP Form IV

Yes No N/A 5.1 Is the Method Blank Summary (ForprtV) present?

Yes No N/A 5.2 Does the Method Blank Analysis(es) contain less than the Contract
Required Quantitation Limits (CR(
pesticide/PCB or interfering peak?

WWW »** r̂ ***W%U^«^* MftTm • •«* « •**•»•7^M*« W B "I"W • • 1 *• • • 1 ««*

.S Required Quantitation Limits (CRQLs) of any

Action: If a PEST/FCB is found in the blank but not found in the
sample(s), no action is taken.
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Any PEST/PCB detected in the sample and also detected in
any a^f/yjatfri blank must be qualified when the. sample
concentration is less than 5 times the blank concentration.
Use form on next page.

Yes No N/A 53 Frequency of Analysis: for the analysis of Pesticide TCL
compounds, has a reagent/method blank been analyzed foe each

_ _ set of samples or every 20 samples of similar matrix (low water,
medium water, low sofl, medium soil), whichever is more frequent?
Note Also review project QAPP.

5.4 Chromatography: review the blank raw data -chromatograms, quant
reports or data system printouts.

Yes No N/A Is the chromatographic performance (baseline stability) for each
instrument acceptable for FEST/FCBs?

Action: Use professional judgement to determine the effect on. the
data.

4.0 Surrogate Recovery (Form ID
[p. 35 (F.G.'SS]
CLP Forms H PEST-1, II PEST-2

6.1 Are the PEST/PCB Surrogate Recovery Summaries (Form n) present
for each of the following matrices:

Yes, No N/A a. Low Water
ixf __
Yes No N/A b. LowSoU

Yes No N/A c. Med Soil
LJ

62. Are all the PEST/PCB samples listed on the appropriate Surrogate
Recovery Summaries for each of the following matrices:

No N/A a. Low Water__
Yes No N/A b. LowSoU
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Yes No
LJ

MedSoil

Yes No

LJ

Action: Call lab for explanation/resubmittals. If missing deliverables
are unavailable, document effect on data under "Conclusions*
section of reviewer narrative.

Yes No N/A 63 Were outliers marked correctly with an asterisk?

Action: Circle or highlight all outliers.
<-f _'?j-on<

N/A 6.4 Was surrogate 0BQ recovery outside of the contract specification
for any sample or blank?

Action: No qualification is done if surrogates are diluted beyond
detection. If recovery is below contract limit (but above
zero), flag all results for that sample "J." If recovery is zero,
flag positive results "J" and non-detects "R." If recovery for
the blank is zero, flag non-detects for all associated samples
TL" If recovery is above contract limit, flag all positive
results for that sample "J", 'ml*** in the reviewer's
professional judgement the high recovery is due to co-eluting
interference (check the associated blank - if recovery is high
there also, flag the sample data).

Simple* Surrogate Recovery QC Limits Qualiflen

7.
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Yes No N/A 6.5 Are there any transcription/calculation errors between raw data and
Form Us.

Action: If large errors exist, call lab for expianation/resubmittal, make
any necessary corrections and note errors under
"Conclusions."

7.0 Matrix Spikes
[p.3*(F.G.'88)]
CLP Forms m -1, HI PEST-2

No N/A 7.1 Is the Matrix Spike Duplicate/Recovery Form (Fornxit^) present?

12 Were matrix spikes analyzed at the required frequency for each of the
following matricest

Yes No N/A a. Low Water

[XJ

Yes No N/A b. Low Soil
r ]

ot-

Yes No NM. a MedSoa

Action: If any matrix spike data are missing, take the action specified
above

73 How many PESTVPCB spike recoveries are outside QA limits? List
all recoveries outside of QC limits.

Water
out of 12

Sample # Compound MS
%Re&

MSD
%Rec.
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How many RPDs for matrix spike and matrix spike duplicate
recoveries are outside of QC limits. List all RPDs outside of QC
limits.

Water
C2) out of 6 oat of 6

Staple Compound RPD

Action: If MS and MSD both have less than 10% recovery for an
analyte; negative results for that analyte should be rejected,
and positive results should be flagged "J." The above applies
only to the sample used for the MS/MSD analysts. Use
professional judgement in applying this criterion to other
samples in the package.

8.0 Field Duplicates
[p. 36 (F.G.'88)]

Yes No N/A

Action:

Action:

Were any JSdT duplicates submitted for PEST/PCB analysis?

< V <?o

Compare the reported results for field duplicates and
calculate the relative percent difference.

Any gross variation between field duplicate results must be
addressed in the reviewer narrative. However, if large
differences exist, identification of field duplicates should
confirmed by contacting the sampler.

9.0

Yes No N/A 9.1

Pesttdde/PCB Identification
[pp. 37-38 (F.G.'SS)]
CLP Forms I PEST, X-PEST

Is Form X complete for every sample in which a pesticide or PCB
was detected?

PCB 40



Yes No N/A 92 Are there any transcription/calculation errors between raw data and
,. Ftniu X.

- U 7*
Action: If large errors exist, call lab for explanation/resubmittal, make

any necessary corrections and note errors under
"Conclusions."

Yes No N/A 93 Are retention times of sample compounds within the calculated
retention time windows for both quantitation and confirmation

_ _ analyses?

Yes No N/A Was GC/MS confirmation provided when required (when compound
concentration is > lOug/ml in final extract)?

Action: Reject ("R") all positive results (meeting quantitadon column
criteria, but missing confirmation by a second column or
GC/MS (if appropriate). Also, reject ("R") all positive results
not meeting retention time window criteria unless asfqq'ated
standard compounds are similarly biased (Le, base on RRT to
DBQ.

Yes No N/A 9.4 Check chromatogram for false negatives, especially for the multiple
peak components toxaphene and PCBs. Were there
any false negatives?

9.5 GC/MS Confirmation, if required.

10.0 Compound Ouantitation and Reported Detection Limits
[p. 38 (F.G.'SS)]

Yes No N/A 10.1 Are there any transcription/calculation errors in Form I results?
Check at least two positive values. Were any errors found?

-r-
Note: Simple peak pesticide results can be checked for rough agreement

between quantitative results obtained on the two GC columns. The
reviewer should use professional judgment to decide whether a much
larger concentration obtained on one column versus the other
indicates the presence of an interfering compound. If an interfering
compound is indicated, the lower of the two values should be
reported and qualified as presumptively present at an estimated
quantity ("JN"). This necessitates a determination of an estimated
concentration on the confirmation column. The narrative should
indicate that the presence of interferences has obscured the attempt

PCB-11



at an second column confirmation.

Yes No N/A 102 Are the CRQLs adjusted to reflect sample dilutions and, for soils,
sample moisture?

CJF _
Action: If errors are large, call lab for explanation/resubmittal, make

any necessary corrections and note errors under
"Conclusions."

Action: When a sample is analyzed at more than one dilution, the
lowest CRQLs are used (unless a QC exceedance dictates the
use of the higher CRQL. data from the diluted sample
analysis). Replace concentrations that ta^fA tfrc calibration
range in the original analysis by crossing out the "E* value on
the original Form I and substituting it with data from the
analysis of diluted sample. Specify which Form I is to be
used, then draw a red "X" across the entire page of all Form
Is that should not be used, including any in the summary
package.

1LO Chromatogram Quality

Yes No N/A 11.1 Were baselines stable?

Yes No N/A 1L2 Were any electropositive displacement (negative peaks) or unusual
peaks seen?

Yes No N/A 113 Were early eluting peaks (for carry eluting analytes) resolved to
baseline?

Action: For 11.1 and 11.2, comment only. For 113, reject ("R") those
analytes that are not sufficiently resolved.

12.0 Contamination

Note: "Water blanks' and "distilled water blanks" are validated like any
other sample and are not used to qualify data. Do not confuse them
with the other QC blanks discussed below.
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Yes No N/A 12.1 Do any method/instrument/reagent blanks have positive results: for
PEST/PCBs? When applied as described bdow, the
contaminant concentration in these blanks are multiplied by the
sample Dilution Factor.

Yes No N/A 112 Do any field/rinse blanks have positive PEST/PCB results?

Action:

Note:

Action:

Prepare a lot of the samples associated with each, of the
contaminated blanks. (Attach a separate sheet)

Only field/rinse blanks taken the same day as the sampler are
used to qualify data. Blanks may not be qualified because of

in another blank. Blanks may be qualified for
surrogate, spectral, tuning or calibration QC problems^

Fallow the directions in the table below to qualify TCLresults
due to contamination. Use the largest value fronr ail! the

tied blanks.

Sample cono CRQL
but < 5 x blank

Flag sample result
with a IT, cross
oat "B* flag

Sample cone < CRQL
Is <5xblank value

p«j>cf mnpte rwi It
and report CRQL;
Gross out *B* flag

Sample cone > CRQL
value & > 5 x blank value

No qualification is needed

Yes
LJ

N/A 123. Are there field/rinse/equipment blanks associa**** with every sample?

Action: For low level samples, note in data assessment that there is
no flsspriatftH field/rinse/equipment blank.
Exception: samples taken from a drinking water tap do not
have associated field blanks.
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CLP DATA VALIDATION FORM Contract No:

PARTO PESnCIPfigCB ANALYSES SDG No:

' r ~ Reviewer

Sr. Review:

Date:

LO Chain of Custody and Laboratory Narrative

Yes No N/A 1.1 Are the Chain of Custody forms present for all samples?

Action: If no, contact lab for replacement of missing or illegible
copies.

Yes No N/A 12 Do the Chain of Custody or Lab Narrative indicate any problems with
sample receipt, condition of samples, analytical problems

XT] or special notations affecting the quality of the data?

Action: Use professional judgement to evaluate the effect on the
quality of the data.

Action: If any sample analyzed as a soil contains more than 50%
water, all data should be flagged as estimated (I).

2.0 Holding Times
[p. 26 (F.G.'SS)]
CLP Form I PEST

Yes No N/A 2.1 Have any PEST/PCB extraction holding times, determined from date
of collection to date of extraction, been exceeded?

Waters = 7 days
Soils = 14 days

Yes No N/A 22 Have any PEST/PCB analysis holding times, determined from date of
(— /-, extraction to date of analysis, been exceeded?

JLJ W
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Sample
* Matrix

Date
Sampled

Date
cted

Date
Analyzed Qualifier

Action: If 40 CFR 136 holding times are exceeded, Sag all positive
results as estimated (J) and sample quantitation limits as
estimated (UI) and document to the effect that holding times
were exceeded.

1. 1C holding times are grossly exceeded, either on the
first analysis or upon re-analysis, the reviewer must
use professional judgment to determine the reliability
of the data and the effect of additional storage on the
sample results. The reviewer may determine non-
detect data are unusable (R).
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Due to the limited information concerning holding
times for soil samples, it is left to the discretion of the
data reviewer to apply water holding time criteria to
soil samples.

3.0 Pestidde/PCB Standards Summary
[p. 27-29 (F.G.'88]
CLP Forms VOX PEST-1, Vm PEST-2, IX PEST

Yes No N/A 3.1 Is DDT retention time for packed columns > 12 min (except OV-1
. s and OV-101 cohimns)?

-" — X
Action: 1C no, check that there is adequate resolution between

individual components. If not, flag results for compounds that
interfere with each other (co-elute) "R".

Yes No N/A 3.2 Is Form DC'present and complete for each GC column and 72 hours
sequence of analyses?

Action: If no, take action specified above.

Yes No N/A 33 Are there any transcription/calculation errors between raw data and
Form DC?

Action: If large errors exist, call lab for explanation/resubmittal, make
any necessary corrections and note errors under
"Conclusions."

Yes No N/A 3.4 Do all standard retention times fall within the windows established for
the first afD A ami IND B analyses?

^

Yes No N/A 3.5 Has the total breakdown on quantitation or confirmation column
exceeded 20% for DDT?

_ u
Yes No N/A - for Endrin?

— LJ

Yes No N/A - or if Endrin aldehyde and 4,4'-DDD co-elute and there is a peak at
their retention time, has the combined DDT and

_ f 1 X Endrin breakdown exceeded 20%?
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Action:

a. 1C DDT breakdown is greater than 20% on quantitation column
beginning with the samples following the last in control standard:
1. Flag all positive DDT results "J."
2. If DDT was not detected but DDD and/or DDE are positive,

flag the DDT non-detect "R."
3. Flag positive DDD and DDE results "JN."

4. If DDT breakdown is >20% on confirmation column and
DDT is identified on quantitation column but not on
confirmation column, use professional judgement to determine
whether DDT should be reported on Form I (if reported, flag
result "N").

b. If Endrin breakdown is >20% on quantitation column, beginning with
the samples following the last in control standard:
1. Flag all positive Endrin results "J."
2. If Endrin was not detected, but Endrin Aldehyde and/or

Endrin Ketone are positive, flag the Endrin non-detect "R."
3. Eag Endrin Ketone positive results "JN."
4. If Endrin breakdown is >20% on confirmation column and

Endrin is identified on quantitation column but not on
confirmation column, use professional judgement to determine
whether Endrin should be reported on Form I (if reported,
flag result "N").

c. If the combined breakdown is used and is >20% on quantitation
column beginning with the last in control standard, take the actions
specified a and b above. If the combined breakdown is >20% on
confirmation column and Endrin or DDT is identified on quantitation
column but not on confirmation column, use professional judgement
to determine whether Endrin or DDT should be reported on Form
I (if reported flag result "N").

Yes No N/A 3.6 Is the % difference between the evaluation and each analysis
. / (quantitation and confirmation) DBC retention time within OC

[ ] /^ limits (<\J5% for OJ3ram LD. Mecabore columns and <03% for
(X25/).32mm LD. narrow bore columns).

Action: DBC retention time cannot be evaluated if DBC is
not detected. If it is present and has a retention time
out of QC limits, then use professional judgment to
determine the reliability of the analysis and flag
results "R," if appropriate.
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Yes No
LJ ^
Ycs No
LJ
Yes ^
LJ

4.0 Calibration and GC Performance
[p. 3002 (F.G.'88)]
CLP Form VIII PEST-1

4.1 Are the following Gas Chromatograms and Data System Printouts for
both Primary and Confirmation (confirmation standards not required
if there are no positive results above CRQL) columns present:

N/A a. Evaluation Standard Mix A

N/A b. Evaluation Standard Mix B

N/A c. Evaluation Standard Mix C

,j/T>r

Yes No N/A d. Individual Standard Mix A

Yes No N/A e. Individual Standard Mix B

Yes No N/A f. Toxaphene
LJ >C"

Yes No N/A g. Aroclors 101671260
LJ ' -

Yes No N/A h. Aroclors 1221, 1232,1242,1248 and 1254
• •* V ^

Yes No

Yes No

Action: If no, take action specified above.

N/A 42 Is Form Vm Pest-1 present and complete for each GC column
(primary and confirmation) and each 72 hour sequence of
analyses?

Action: If no, take action specified above.

N/A 43 Are there any transcription/calculation errors between raw data and
Form

Action: If large errors exist, call lab for expianation/resubmittal, make
any necessary corrections and note errors under
"Conclusions."
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4.4 Check Calibration Factors and % RSD

Yes No N/A 4.5 Is the linearity check RSD of all four calibration factors < or = 10%
. / for the quantitation column?

LJ A

Action: If no, flag positive hits for all pesticide and FCB analytes T
for all associated samples. Do not flag toxaphene or DDT if
they are quantified from a 3-point calibration curve.

Yes No N/A 4.6 If toxaphene or the DDT series was identified and quantitated, was
a 3-point minimum calibration established?

Yes No N/A 4.7 Was the proper analytical sequence followed for each 72 hour period
of analyses (pagr PFST D 16 hi 0/07 SOW).

Action: If no, use professional judgement to determine the severity of
the effect on the data and accept or reject it accordingly.
Generally, the effect is negligible unless the sequence was
grossly altered or the calibration was also out of limits.

Yes No N/A 4.8 Are the continuing calibration standard calibration factors within 15%
/ (for quantitation column) or 20% (for confirmation

r*><L column) of the initial (at beginning of 72 hour sequence) calibration
f factors?

Action: If no, flag all associated positive results "J." Use professional
judgement to determine whether or not the flag non-detects.

5.0 Blanks (Form TV)
[p. 33-34 (F.G.'88)
CLP Form IV

Yes No N/A 5.1 Is the Method Blank Summary (Form-TV) present?
/

Yes No N/A 5.2 Does the Method Blank Analysis(es) contain less than the Contract
Required Quantitation Limits (CRQLs) of any
pesticide/PCB or interfering peak?

Action: If a PEST/PCB is found in the blank but not found in the
samples), no action is taken.
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Any PEST/PCB detected in the sample and also detected in
any aswr"*** blank must be qualified when the sample
concentration is less than 5 times the blank concentration.
Use form on next page.

Yes No N/A 53 Frequency of Analysis: for the analysis of Pesticide TCL
compounds, has a reagent/method blank been analyzed for each
set of samples or every 20 samples of similar matrix (low water,
medium water, low sofl, medium soil), whichever is more frequent?
Note: Also review project QAPP.

5.4 Chromatography: review the blank raw data - chromatograms, quant
reports or data system printouts.

Yes No N/A Is the chromatographic performance (baseline stability) for each
instrument acceptable for PEST/PCBs?

Action: Use professional judgement to determine the effect on the
data.

6.0 Surrogate Recovery (form ID
[p. 35 (F.G.'SS]
CLP Forms H PEST-1, H PEST-2

6.1 Are the PEST/PCB Surrogate Recovery Summaries (Formll) present
for each of the following matrices: /

Yes No N/A a. Low Water

Yes No N/A b. Low Soil

{^

Yes No N/A^ c. Med Soil

6.2 Are all the PEST/PCB samples listed on the appropriate Surrogate
Recovery Summaries for each of the following matrices:

Yes No N/A a. Low Water
LJ _ J>^

Yes No N/A b. Low Soil
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Yes No
L_J

MedSoil

Action: Call lab for explanation/resubmittals. If missing deliverables
are unavailable, document effect on data under "Conclusions"
section of reviewer narrative.

Yes No N/A 63 Were outliers marked correctly with an asterisk?

Action: Circle or highlight all outliers.
H-fc^HOf^UOJC

Yes No N/A 6.4 Was surrogate (pB€) recovery outside of the contract specification
for any sample or blank?

Action: No qualification is done if surrogates are diluted beyond
detection. If recovery is below contract limit (but above
zero), Sag all results for that sample "I." If recovery is zero,
flag positive results "J" and non-detects "R." If recovery for
the blank is zero, flag non-detects for all associated samples
"R." If recovery is above contract limit, flag all positive
results for that sample "I", unless in the reviewer's
professional judgement the high recovery is due to co-eluting
interference (check the associated blank - if recovery is high
there also, flag the sample data).

Sample Surrogate Recovery QC Limits Qualifiers
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No WA 6.5

Form

Action:

errors between raw data and

ns." ons and note errors under

WA 7.1

72

7.0 Matrix Spikes
(p.36(F.G.'8S)]

CLP Forms III PEST-1, HI PEST-2

* aM*TOl at "» uency for each of the

Low Water

Vo
b.

* »«*.* MUM

Action:

73

matnx spike data

raany PEST/PCB spike
recoveries outside of

are missing, take the action specified
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at an second column confirmation.

Yes No N/A 10l2 Are the CRQLs adjusted to reflect sample dilutions and, for soils,
sample moisture?

Action: If errors are large, call lab for expianation/resubmittal, make
any necessary corrections and note errors under
"Conclusions."

Action: When a sample is analyzed at more than one dilution, the
lowest CRQLs are used (unless a QCexceedance dictates the
use of the higher CRQL data from the diluted sample
analysis). Replace concentrations that exceed the calibration
range in the original analysis by crossing out the "E" value on
the original Form I and substituting it with data from the
analysis of diluted sample. Specify which Form I is to be
used, then draw a red "XT across the entire page of all Form
Is that should not be used, including any in the summary
package.

11.0 Chromatogram Quality

Yes No N/A 11.1 Were baselines stable?

Yes No N/A 11.2 Were any electropositive displacement (negative peaks) or unusual
peaks seen?

Yes No N/A 11 J Were early eluting peaks (for early during analytes) resolved to
baseline?

Action: For 11.1 and 112, comment only. For 113, reject ("R") those
analytes that are not sufficiently resolved.

12.0 Contamination

Note: "Water blanks* and "distilled water blanks" are validated like any
other sample and are not used to qualify data. Do not confuse them
with the other QC blanks discussed below.
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Yes No N/A 12.1 Do any method/instnunent/reagent blanks have positive results for
PEST/PCBs? When applied as described below, the
contaminant concentration in these blanks are multiplied by the
sample Dilution Factor.

Yes No

— LJ

N/A 112 Do any field/rinse blanks have positive PEST/PCB results?

X"
Action:

Note:

Action:

Prepare a list of the samples associated with each of the
contaminated blanks. (Attach a separate sheet)

Only field/rinse blanks taken the same day as the samples are
used to qualify data. Blanks may not be qualified because of
contamination in another blank. Blanks may be qualified for
surrogate, spectral, tuning or calibration QC problems.

R>Uow the directions in the table below to qualify TCL results
due to contamination. Use the largest value from all the

blanks.

Sample cooc> CRQL
but < 5 x blank

Flag sample result
with a "U"; cross
oat "B* flag

Sample cone < CRQL
Is <Szblaok value

Reject sample result
and report CRQL;
Cross oat *B" flag

Sample cone > CRQL
value & > 5 x blank value

No qualification is needed

Yes No
LJ

N/A 123. Are there field/rinse/equipment blanks associated with every sample?

Action: For low level samples, note in data assessment that there is
no associated field/rinse/equipment blank.
Exception: samples taken from a drinking water tap do not
have associated field blanks.
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Action:

b.

No N/A 3.6

If DDT breakdown is greater than 20% on quantitadon column
beginning with the samples following the last in control standard:
1. Hag all positive DDT results "I."
2. If DDT was not detected but DDD and/or DDE are positive,

Sag the DDT non-detect "R."
3. Flag positive DDD and DDE results "JN."

4 If DDT breakdown is >20% on confirmation column and
DDT is identified on quantitation column but not on
confirmation column, use professional judgement to determine
whether DDT should be reported on Form I (if reported, flag
result "N").

If Endrin breakdown is >20% on quantitation column, beginning with
the samples following the last in control standard:
1. Flag all positive Endrin results "J."
2~ If Endrin was not detected, but Endrin Aldehyde and/or

Endrin Ketone are positive, flag the Endrin non-detect "R."
3. Flag Endrin Ketone positive results "JN.*
4. If Endrin breakdown is >20% on confirmation column and

Endrin is identified on quantitation column but not on
confirmation column, use professional judgement to determine
whether Endrin should be reported on Form I (if reported,
flag result "N").

If the combined breakdown is used and is >20% on quantitation
column beginning with the last in control standard, take the actions
specified a and b above. If the combined breakdown is >20% on
confirmation column and Endrin or DDT is identified on quantitation
column but not on confirmation column, use professional judgement
to determine whether Endrin or DDT should be reported on Form
I (if reported flag result "N").

Is the % difference between the evaluation and each analysis
(quantitation and confirmation) DEC retention time within OC
limits (<\J5% for <X53mm LD. Mecabore columns and <OJ% for
Q25f)32mm LD. narrow bore columns).

Action: DBC retention time cannot be evaluated if D5C is
not detected. If it is present and has a retention time
out of QC limits, then use professional judgment to
determine the reliability of the analysis and flag
results "R," if appropriate.

for
led

column

lataand

:al,make
under
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4.4 Check Calibration Factors and % RSD

Yes No N/A 4.5 Is the linearity check RSD of all four calibration factors < or = 10%
,./ for the quandtation column?

LJ _ 2L

Action: If no, flag positive hits for all pesticide and PCB analytes T
for ail associated samples. Do not flag toxaphene or DDT if
they are quantified from a 3-point calibration curve.

Yes No N/A 4.6 1C toxaphene or the DDT series was identified and quantitated, was
, ^" a. 3-point minimum calibration established?

LJ _ 21

Yes No N/A 4.7 Was the proper analytical sequence followed for each 72 hour period
of analyses (i»i0 TTTr D 1f» iu 8/07 SOW). S^Qut^OL oc.

Action: If no, use professional judgement to determine the severity of
the effect on the data and accept or reject it accordingly.
Generally, the effect is negligible unless the sequence was
grossly altered or the calibration was also out of limits.

Yes No N/A 4.8 Are the continuing calibration standard calibration factors within 15%
s (for quandtation column) or 20% (for confirmation

r>^L _ _ column) of the initial (at beginning of 72 hour sequence) calibration
' factors?

Action: If no, flag all associated positive results "J." Use professional
judgement to determine whether or not the flag non-detects.

5.0 Blanks (Form TV)
[p. 33-34 (F.G.'SS)
CLP Form IV

Yes No N/A 5.1 Is the Method Blank Summary (FornrTV) present?

'
Yes No N/A 5.2 Does the Method Blank Analysis(es) contain less than the Contract

Required Quantitation Limits (CRQLs) of any
_ _ pcsticide/PCB or interfering peak?

Action: If a PEST/PCB is found in the blank but not found in the
samplers), no action is taken.

PCB-6



Any PEST/PCB detected in the sample and also detected in
any associated Manic must be qualified when the sample
concentration is less than 5 times the blank concentration.
Use form on next page.

Yes No N/A 53 Frequency of Analysis: for the analysis of Pesticide TCL
compounds; has a reagent/method blank been analyzed for each

_ _ set of samples or every 20 samples of similar matrix (low water,
medium water, low soil, medium soil), whichever is more frequent?
Note: Also review project QAPP.

5.4 Chromatography: review the blank raw data -chromatograms, quant
reports or data system printouts.

Yes No N/A Is the chromatographic performance (baseline stability) for each
instrument acceptable for PESTVPCBs?

Action: Use professional judgement to determine the effect on the
data.

6.0 Surrogate Recovery (Form ID
[p. 35 (F.G.'8S]
CLP Forms H PEST-1, IIPEST-2

6.1 Are the PEST/PCB Surrogate Recovery Summaries (Form II) present
for each of the following matrices: //

Yes No N/A a. Low Water
\—l — ̂

Yes No N/A b. Low Soil
££f
Yes No N/A^ c. Med Soil

62 Are all the PEST/PCB samples listed on the appropriate Surrogate
Recovery Summaries for each of the following matrices:

Yes No N/A a. Low Water
r i x"
Yes No N/A b. Low Soil
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* ^, MedSoil

Action: Call lab for erplanation/resubmittals. If missing deliverables
are unavailable, document effect on data under "Conclusions"
section of reviewer narrative.

N/A 63 Were outliers marked correctly with an asterisk?

ind.

ake
•der

Action: Circle or highlight all outliers.

>fo N/A 6.4 Was surrogate (pB€) recovery outside of the contract specification
for any sample or blank?

Action: No qualification is done if surrogates are diluted beyond
detection. If recovery is below contract limit (but above
zero), flag all results for that sample "I." If recovery is zero,
flag positive results T and non-detects "R." If recovery for
the blank is zero, flag non-detects for all associated samples
"R." If recovery is above contract limit, flag all positive
results for that sample T, unless in the reviewer's
professional judgement the high recovery is due to co-eluting
interference (check the associated blank - if recovery is high
there also, flag the sample data).

Sample* Surrogate Recovery QC Limits Qualifiers

it?

fthe

afied

List
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at an second column confirmation.

Yes No N/A 1O2 Are the CRQLs adjusted to reflect sample dilutions and, for soils,
sample moisture?_

Action: If errors are large, call lab for crplanation/resubmittal, make
any necessary corrections and note errors under
"Conclusions."

Action: When a sample is analyzed at more than one dihition, the
lowest CRQLs are used (unless a QC nrrrd ance dictates the
use of the higher CRQL data from the diluted, sample
analysts). Replace concentrations that exceed the calibration
range in the original analysis by crossing out the "E"" value on
the original Form I and substituting it with data from the
analysis of diluted sample. Specify which Form I is to be
used, then draw a red "X" across the entire page of all Form
Is that should not be used, including any in the summary
package.

11.0 Chromatogram Quality

Yes No N/A 11.1 Were baselines stable?

Yes No N/A 1L2 Were any electropositive displacement (negative peaks) or unusual
peaks seen?

Yes No N/A 11 J Were early eluting peaks (for early during analytes) resolved to
baseline?

Action: For 11.1 and 11.2, comment only. For 113, reject ("R") those
analytes that are not sufficiently resolved.

12.0 Contamination

Note: "Water blanks* and "distilled water blanks" are validated like any
other sample and are not used to qualify data. Do not confuse them
with the other QC blanks discussed below.
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Yes No N/A 12.1

Yes No

— U

Do any method/instrument/reagent blanks have positive resets for
PEST/PCBs? When applied as described below, the

_ contaminant concentration in these blanks ace multiplied by the
sample Dilution Factor.

N/A 122. Do any field/rinse blanks have positive PEST/PCB results?

Action:

Note:

Action:

Prepare a list of the samples associated with each- of the
contaminated blanks. (Attach a separate sheet.)

Only field/rinse blanks taken the same day as the samples are
used to qualify data. Blanks may not be qualified because of
contamination in a not her blank. Blanks may be qualified for
surrogate, spectral, tuning or calibration QC problems.

Fallow the directions in the table below to qualify TCLresults
due to contamination. Use the largest value from ail the

blanks.

Sample conc> CRQL
but < 5 x blank

Flag sample result
with a "U"; cross
out *B* flag

Sample cone < CRQL
is <5xblank value

Reject sample result
and report CRQL;
Cross out "B" flag

Sample cone > CRQL
value & > 5 x blank value

No qualification is needed

Yes No
LJ

N/A 123. Are there field/rinse/equipment blanks associated with every sample?

Action: For low level samples, note in data assessment that there is
no associated field/rinse/equipment blank.
Exception; samples taken from a drinking water tap do not
have associated field blanks.

PCS-13



CLP DATA VALIDATION FORM Contract No:

PART G ̂ ESTJCIDE/rCft-ANALYSES SDG No:

Reviewer

Sr. Review:

Date:

LO Chain of Custody and Laboratory Narrative

Yes No N/A 1.1 Are the Chain of Custody forms present for ail samples?

Action: If no, contact lab for replacement of missing or illegible
copies.

Yes No N/A 12 Do the Chain of Custody or Lab Narrative indicate any problems with
sample receipt, condition of samples, analytical problems

p<f or special notations affecting the quality of the data?

Action: Use professional judgement to evaluate the effect on the
quality of the data.

Action: If any sample analyzed as a soil contains more than 50%
water, all data should be Sagged as estimated (J).

2.0 Holding Times
[p. 26 (F.G.'88)]
CLP Form I PEST

Yes No N/A 2.1 Have any PEST/PCB extraction holding times, determined from date
of collection to date of extraction, been exceeded?

Waters = 7 days
Soils = 14 days

Yes No N/A 22 Have any PEST/PCB analysis holding times, determined from date of
extraction to date of analysis, been exceeded?

PCB-l
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Simple
Matrix

tJ

Date
Sampled

I i /"ZO/9 1

Date
Extracted

Date
Analyzed Qualifier

Action: If 40 CFR 136 holding times are exceeded, flag all positive
results as estimated (J) and sample quantitation limits as
estimated (UJ) and document to the effect that holding times
were exceeded.

1. If holding times are grossly exceeded, either on the
first analysis or upon re-analysis, the reviewer must
use professional judgment to determine the reliability
of the data and the effect of additional storage on the
sample results. The reviewer may determine non-
detect data are unusable (R).

PCB-2



Due to the limited information concerning holding
times for soil samples, it is left to the discretion of the
data reviewer to apply water holding time criteria to
soil samples.

3.0 Pestiddc/PCB Standards Summary
[p. 27-29 (F.G.'SS]
CLP Forms Vm PEST-1, Vin PEST-2, IX PEST

Yes No N/A 3.1 Is DDT retention time for packed columns > 12 min (except OV-1
^ , and OV-101 columns)?

UJ _X

Action: If no, check that there is adequate resolution between
. individual components. If not, flag results for compounds that

interfere with each other (co-elutc) "R".

Yes No N/A 32 Is Form DC present and complete for each GC column and 72 hours
sequence of analyses?

Action: If no, take action specified above.

Yes No N/A 33 Are there any transcription/calculation errors between raw data and
, - Form DC?

m

Action: If large errors exist, call lab for explanation/resubmittai, make
any necessary corrections and note errors under
"Conclusions."

Yes No N/A 3.4 Do ail standard retention times fall within the windows established for
the first END A and END B analyses?

Yes No N/A 3.5 Has the total breakdown on quantitation or confirmation column
exceeded 20% for DDT?

U

Yes No N/A -forEndrin?

- or if Endrin aldehyde and 4,4'-DDD co-elute and there is a peak at
their retention time, has the combined DDT and
Endrin breakdown exceeded 20%?

PCB-3



Action:

a. IE DDT breakdown is greater than 20% on quantitation column
beginning with the samples following the last in control standard:
1. Flag all positive DDT results "J."
2. IE DDT was not detected but DDD and/or DDE are positive,

flag the DDT non-detect "R."
3. Flag positive DDD and DDE results "JN."

4. If DDT breakdown is >20% on confirmation column and
DDT is identified on quantitation column but not on
confirmation column, use professional judgement to determine
whether DDT should be reported on Form I (if reported, Bag
result "N").

b. If Endrin breakdown is >20% on quantitation column, beginning with
the samples following the last in control standard:
1. Flag all positive Endrin results "J."
2. If Endrin was not detected, but Endrin Aldehyde and/or

Endrin Ketone are positive, flag the Endrin non-detect "R."
3. Flag Endrin Ketone positive results "JN."
4. If Endrin breakdown is >20% on confirmation column and

Endrin is identified on quantitation column but not on
confirmation column, use professional judgement to determine
whether Endrin should be reported on Form I (if reported,
flag result "N*).

c. If the combined breakdown is used and is >20% on quantitation
column beginning with the last in control standard, take the actions
specified a and b above. If the combined breakdown is >20% on
confirmation column and Endrin or DDT is identified on quantitation
column but not on confirmation column, use professional judgement
to determine whether Endrin or DDT should be reported on Form
I (if reported flag result "N").

Yes No N/A 3.6 Is the % difference between the evaluation and each analysis
, (quantitation and confirmation) DBC retention time within QC

[ ] 7^ limits (<1.5% for 0.53mm LD. Mecabore columns and <03% for
' 0.25/)32min LD. narrow bore columns).

Action: DBC retention time cannot be evaluated if DBC is
not detected. If it is present and has a retention time
out of QC limits, then use professional judgment to
determine the reliability of the analysis and flag
results "R," if appropriate.

PCB-4



4.0 Calibration and GC Performance
[p. 30-32 (F.G.'88)]
CLP Fon0 VIII PEST-1

4.1 Are the following Gas Chromatograms and Data System Printouts for
both Primary and Confirmation (confirmation standards not required
if there are no positive results above CRQL) columns present:

Yes No N/A a. Evaluation Standard Mix A
LJ S _

Yes N . N/A b. Evaluation Standard Mix B
( ^^u_^

Yes No- N/A c. Evaluation Standard Mix C

Yes No N/A d. Individual Standard Mir£

Yes No N/A e. Individual Standard Mix B

Yes No N/A t Toxaphene
LJ _

Yes No N/A g. Aroclors 1016/1260

Yes No N/A h. Aroclors 1221, 1232, 1242, 1248 and 1254
LJ

Action: If no, take action specified above.

Yes No N/A 42 Is^Fbrm VIE Pest-l^present and complete for each GC column
, (primary and confirmation) and each 72 hour sequence of

rSLl _ _ analyses?

Action: If no, take action specified above.

Yes No N/A 43 Are there any transcription/calculation errors between raw data and
Form

Action: If large errors exist, call lab for explanation/resubmittal, make
any necessary corrections and note errors under
"Conclusions."

PCB-5



4.4 Check Calibration Factors and % RSD

Yes No N/A 4 J Is the linearity check RSD of all four calibration factors < or = 10%
for the quantitation column?

Action: If no, flag positive hits for all pesticide and PCB analytes T
for all associated samples. Do not flag toxaphene or DDT if
they are quantified from a 3-point calibration curve.

Yes No N/A 4.6 If toxaphene or the DDT series was identified and quantitated, was
a 3-point minimum calibration established?

<->-*-
Yes No N/A 4.7 Was the proper analytical sequence followed for each 72 hour period

of analyses (page-PfcSi JD-36 in 8/0 7 SOW).1 ^^Q j^/jcL. O fc

Action: If no, use professional judgement to determine the severity of
the effect on the data and accept or reject it accordingly.
Generally, the effect is negligible unless the sequence was
grossly altered or the calibration was also out of limits.

Yes No N/A 4.8 Are the continuing calibration standard calibration factors within 15%
(for quantitation column) or 20% (for confirmation

_ column) of the initial (at beginning of 72 hour sequence) calibration
factors?

Action: If no, flag all associated positive results "J." Use professional
judgement to determine whether or not the flag non-detects.

5.0 Blanks (Form IV)
[p. 33-34 (F.G.'88)
CLP Form IV

Yes No N/A 5.1 Is the Method Blank Summary (ForXTV) present?

Yes No N/A 5.2 Does the Method Blank Anaiysis(es) contain less than the Contract
Required Quantitation Limits (CRQLs) of any
pesticide/PCB or interfering peak?

Action: If a PEST/PCB is found in the blank but not found in the
sampie(s), no action is taken.

PCB-6



Any PEST/PCB detected in the sample and also detected in
any associated blank must be qualified when the sample
concentration is less than 5 times the blank concentration.
Use form on next page.

Yes No N/A 53 Frequency of Analysis: for the analysts of Pesticide TCL
compounds, has a reagent/method blank been analyzed for each

fNU _ _ set of samples or every 20 samples of similar matrix (low water,
I medium water, low soil, medium soil), whichever is more frequent?

Note: Also review project QAPP.

5.4 Chromatography: review the blank raw data - chromatograms, quant
reports or data system printouts.

Yes No N/A Is the chromatographic performance (baseline stability) for each
instrument acceptable for PEST/PCBs?

Action: Use professional judgement to determine the effect on the
data.

6.0 Surrogate Recovery (Form ID
[p. 35 (F.G.'88]
CLP Forms IIPEST-L IIPEST-2

6.1 Are the PEST/PCB Surrogate Recovery Summaries (Form IT) present
for each of the following matrices:

No N/A a. Low Water

Yes. No N/A b. Low Soil
F &

Yes No N/A c. Med Sofl

62 Are all the PEST/PCB samples listed on the appropriate Surrogate
Recovery Summaries for each of the following matrices:

Yes No N/A a. Low Water

No N/A b. Low Soil

PCS-7
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No N/A c. MedSoilYes
LJ

Action: Call lab for explanation/resubmittals. If missing deliverables
are unavailable, document effect on data under "Conclusions"
section of reviewer narrative.

Yes No N/A 63 Were outliers marked correctly with an asterisk?

Circle or highlight all outlico.

Yes

Action:

No N/A 6.4 Was surrogate (pBCf recovery outside of the contract specification
Cor any sample or blank?

Action: No qualification is done if surrogates are diluted beyond
detection. If recovery is below contract limit (but above
zero), flag all results for that sample "J." If recovery is zero,
flag positive results "J" and non-detects "R.* If recovery for
the blank is zero, flag non-detects for all associated samples
"R." If recovery is above contract limit, flag all positive
results Cor that sample "I*, unless in the reviewer's
proCessional judgement the high recovery is due to co-eiuting
interference (check the associated blank - if recovery is high
there also, flag the sample data).

Sample* Surrogate Recovery QC Limits Qualifiers

-"2-

7.
S C3 -

-v> nsp
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Yes No N/A 6.5 Are there any transcription/calculation errors between raw data and
Form Us.

Action: If large errors exist, call lab for expianation/resubmittai, make
any necessary corrections and note errors under
"Conclusions."

7.0 Matrix Spikes
[p. 36 (F.G.'88)]
CLP Forms HI PEST-i, IH PEST-2

Yes/ No N/A 7.1 Is the Matrix Spike Duplicate/Recovery Form (Fopni' HI) present?

72 Were matrix spikes analyzed at the required frequency for each of the
following matrices:

Yes No N/A a. Low Water

N/A b. Low Soil

N/A c. Med Sofl

Action: If any matrix spike data are missing, take the action specified
above

73 How many PEST/PCB spike recoveries are outside QA limits? List
all recoveries outside of QC limits.

Yes/ No
kXf

Yes No
LJ _

Water
L2) out of 12

/

/

^

Soils
(3J out of 12

<^s

LS*

\^s

Sample*

SC3-(o

\S

Compound

^W l̂rJX-

xToco?^e.

UJU^y (^RtAiiVO

MS
%Rec

/^.U

JO. U

3 .̂ )

MSD
%Rec

ro<,\
fofcS

r^^
V

O1C .



7.4 How many RPDs for matrix spike and matrix spike duplicate
recoveries are outside of QC limits. List all RPDs outside of QC
limits.

Water
(2J out of 6

Soil*
(JJ out of*

Sample
4KB

COB pound RFD

Action: If MS and MSD both have less than 10% recovery for an
anafyte, negative results for that anaiyte should be rejected,
and positive results should be flagged "J." The above applies
only to the sample used for the MS/MSD analysis. Use
professional judgement in applying this criterion to other
samples in the package.

&0 Field Duplicates
[p. 36 (F.G.'SS)]

Yes No N/A 8.1 Were any field duplicates submitted for PEST/PCB analysis?

Action:

Action:

Compare the reported results for field duplicates and
calculate the relative percent difference.

Any gross variation between field duplicate results must be
addressed in the reviewer narrative. However, if large
differences exist, identification of field duplicates should
confirmed by contacting the sampler.

9.0

Yes No N/A 9.1

Pestidde/PCB Identification
[pp. 37-38 (F.G.'SS)]
CLP Forms I PEST, X-PEST

Is Form X complete for every sample in which a pesticide or PCS
was detected?

PCB-10



Yes No N/A 92. Are there any transcription/calculation errors between raw data and
Fonii X.

Action: If large errors exist, call lab for explanation/resubmittal, make
any necessary corrections and note errors under
"Conclusions."

Yes No N/A 93 Are retention times of sample compounds within the
/ retention time windows for both quantitation and confirmation

•fC^I _ _ analyses?

Yes No N/A Was GC/MS confirmation provided when required (when compound
. concentration is >10ug/ml in final extract)?

LJ _ _X

Action: Reject ("R") all positive results (meeting quantitation column
criteria, but missing confirmation by a second column or
GC/MS (if appropriate). Also, reject ("R") all positive results
not meeting retention time window criteria unless
standard compounds are similarly biased (Le, base on RRT to
DEC).

Yes No N/A 9.4 Check chromatogram for false negatives, especially for the multiple
/ peak components toxaphene and PCBs. Were there

_ Q3- _ any false negatives?

9.5 GC/MS Confirmation, if required.

10.0 Compound Ouantitation and Reported Detection Limits
[p. 38 (F.G.'SS)]

Yes No N/A 10.1 Are there any transcription/calculation errors in Form I results?
Check at least two positive values. Were any errors found?

Note: Simple peak pesticide results can be checked for rough agreement
between quantitative results obtained on the two GC columns. The
reviewer should use professional judgment to decide whether a much
larger concentration obtained on one column versus the other
indicates the presence of an interfering compound. If an interfering
compound is indicated, the lower of the two values should be
reported and qualified as presumptively present at an estimated
quantity ("JN"). This necessitates a determination of an estimated
concentration on the confirmation column. The narrative should
indicate that the presence of interferences has obscured the attempt

PCB-11



at an second column confirmation.

Yes No N/A 1O2 Are the CRQLs adjusted to reflect sample dilutions and, for sous,
sample moisture?

Action: If errors are large, call lab for expianatioa/resubmittal, make
any necessary corrections and note errors under
"Conclusions.*

Action: When a sample is analyzed at more than one dilution, the
lowest CRQLs are used (unless a QCexceedance dictates the
use of the higher CRQL data from the diluted sample
analysis). Replace concentrations that exceed the calibration
range m the original analysis by crossing out the *E"varae on
the original Form I and substituting it with data from the
analysts of diluted sample. Specify which Form I is to be
used, then draw a red "X" across the entire page of all Form
Is that should not be used, including any in the summary
package.

11.0 Chromatognun Quality

Yes No N/A 11.1 Were baselines stable?

Yes No N/A 1L2 Were any electropositive displacement (negative peaks) or unusual

Yes No N/A 113 Were early ehiting peaks (for early eluting analytes) resolved to
baseline?

Action: For 11.1 and 11.2, comment only. For 11-3, reject ("R") those
analytes that are not sufficiently resolved.

12.0 Contamination

Note: "Water blanks' and "distilled water blanks" are validated like any
other sample and are not used to qualify data. Do not confuse them
with the other QC blanks discussed below.

PCB-12



Yes No N/A 12.1

Yes No

— U

Do any method/instniment/reagent blanks have positive results for
PEST/PCBs? When applied as described below, the
contaminant concentration in these blanks are multiplied by the
sample DQution Factor.

N/A 122 Do any field/rinse blanks have positive PEST/PCB results?

Action:

Note:

Action:

Prepare a lot of the samples associated with each of the
contaminated blanks. (Attach a separate sheet)

Only field/rinse blanks taken the same day as the samples are
used to qualify data. Blanks may not be qualified because of
contamination in another blank. Blanks may be qualified for
surrogate, spectral, tuning or calibration QC problems.

Follow the directions in the table below to qualify TCLresults
due to contamination. Use the largest value from, all the

blanks.

Sample conc> CRQL
but < 5 x blank

Flag sample result
withalJ^ cross
out TJ' flag

Sample cone < CRQL
is < 5 x blank value

Reject sample result
and report CRQL;
Cross out "B" flag

Sample cone > CRQL
value &> 5 x blank value

No qualification is needed

Yes No N/A 123. Are there field/rinse/equipment blanks associated with every sample?

Action: For low levei samples, note in data assessment that there is
no associated field/rinse/cquipment blank.
Exception: samples taken from a drinking water tap do not
have associated field blanks.
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Hall's Brook Holding Area Calculations
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Hall's Brook Holding Area Calduations

Equilibrator

Station

SM-1

SM-2

SM-3

SM-4

Date/tome

Insulted

11/19/92903

11/19/921500

11/1*821515

11/17/921830

Date

Recovered

11/22/921025

11/22/8210-20

11/22/92 1&1S

11/22/821000

Elapsed

Time (days)

3056944444

2805555558

2791606887

4729166687

Cross Sect

Are«<sqrM)

026

020

026

026

Volume

Recov (ml)

1.805

NOTREC

157

1,215

Flow rat*

(Usqr M/day)

22416234

0213505508

0975359345

CALCULATION OF THE HALLS BROOK HOLDING AREA VOLUME OF WATER

CONTOUR VALUE KNOWN AREA

(SOR METERS)

STANDARD 8361

0 -
5 -

10 -

PLANIMETER CALCULATED

VALUE AREA

657

1364 17358

912 11608

4705 5088

TOTAL WATER VOLUME IN HBHA (CU METERS)*

TOTAL WATER VOLUME IN HBHA (CU Fl)»

TOTAL WATER VOLUME IN HBHA (gallons)*

ASSUMPTIONS

MAP OF HBHA IS ACCURATE

4.383 Avg depth of interval s 2 5 feet

12.844 Avg depth of Interval * 7 5 feet

21,628 Avg depth of interval * (10*13 8X2 feet

38.854

1,371.950

10,265.155

CALCULATION OF THE HALLS BROOK HOLDINO AREA VOLUME OF SEDIMENT

CONTOUR VALUE

STANDARD

0

2

4

6

8

KNOWN AREA

(SOR METERS)

8361

-

-

PLANIMETER

VALUE

657

1364

1136

787

210

16

CALCULATED

AREA

•

17358

14457

10015

2672

204

SEDIMENT

VOL(CU METERS)

804

4,061

11,191

5.268

528

INTERVAL

MIDPOINT

Avg thickness of interval = 1 foot

Avg thickness of interval - 3 feet

Avg thickness of interval * 5 feet

Avg thickness of interval = 7 feet

Avg thickness of interval = 8 5 feet

TOTAL SEDIMENT VOLUME IN HBHA (CU METERS)* 21.831

TOTAL SEDIMENT VOLUME IN HBHA (CU YARDS)* 28,682

ALTERNATE SEDIMENT THICKNESS

ASSUMING THAT THE BLACK OOZE LAYER IS THE ONLY LAYER TO BE CONSIDERED

AND IS 1 4 FEET THICK (AVERAGE OF 3 CORE LOCATIONS)

VOLUME =17358 SOR METERS x 0 43 METERS = 7407 CUBIC METERS

0.687 CUBIC YARDS
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CALCULATION OF GROUNDWATER DISCHARGE VOLUME

ASSUMPTIONS because we were unable to recover a sample from SM2.

the area that would have been characterized by this data was divided in half and characterized

instead by the adjacent seepage meter

ID

STANDARD

SOUTH (SM-1)

NORTH (SM-3)

SM-4

KNOWN AREA

(SQR METERS)

8361

PLANIMETER

VALUE

657

580

660

198

CALCULATED

AREA

(tqr meters)

7381

9386

2138

Q from above

(Lrsqt meter/day)

224

021

008

volume entering pond

(Udav)

16546

1793

2085

M»lgw discharge"

CALCULATION OF LOADING RATE OF TARGET METALS TO HBHA FROM OW DISCHARGE.

204241906

SAMPLE LOCAL

SOUTH (SM-1)

NORTH (SM-3)

SM-4

UPPER MOST EQ SAMPLE

As(mg/L)

162

0199

00828

Crfmg/L)

0108

00759

00219

SEEPAGE METER SAMPLE

B*nzene(mg/Kg)

0153

0122

0001

CALCULATED LOADS BASED ON ABOVE CONCENTRATIONS...

SM-1

SM-3

SM-4

TOTAL

A* (mg/day) Cr {mg/day)

2680393237

3568608854

172882141

2685688487

178692882S

1361092523

4586788513

1968705962

Benzene (mg/day)

2531 482502

218779

2919

2753 181

CALCULATION OF THE THEORETICAL CONCENTRATION OF THE HBHA DISCHAROE ASSUMING OW DISCHAROE IS

ONLY SOURCE OF LOADING AND USING LOAD TABLE ABOVE ..

LOWEST MEASURED DISCHARGE OF HALLS BROOK (Roux, 1991) (CFS)=

LOWEST MEASURED DISCHARGE OF HALLS BROOK (Uday)=

1 10

2.691.533

Assuming perfect rnnong and no other source* of As. Cr. and Benzene

The theoretical concentrations in HBHA effluent

Arsenic

Chromium

Benzene

THEORET DISCHARGE CONC

0100 mg/L

0001 mg/L

0001 mg/L

Arsenic

Chromium

Benzene

OBSERVED CONCENTRATIONS

(SW-13,Roux, 1991)

0006 mg/L

0005 mg/L

nd

Page 2



CALCULATION OF THE THEORETICAL CONCENTRATION OF THE HBHA DISCHARGE INCLUDING

LOADING FROM HALLS BROOK (DATA MEASURED AT SW-10) .

TARGET CONCENTRATIONS IN HALLS BROOK.

Arsenic

Chromium

Benzene

CONG MEASURE BY ROUX

(SW.10.Roux. 1961)

0004

0021

nd

mg/L

mg/L

These numbers SM-1 may not be indicative of the are* which it has

been used to characterize, or that Arsenic is being attenuated somewhere

Calculation of the residence time of the groundwaters in the upper 1 4 feet (43cm)

assumptions The average water content is 90% by weight and therefore by volume

(measured density of solid fraction «11g/cm3)

the volume of water n the upper 43 cm « cross sectional area x 43 cm s 0 9

Based on field measurements (Roux 1981)

volume of water in upper 43 cm » 0 102 cubic meters

' 101 9 Liters

= 3 60 cubic feet

HIGH

LOW

based on the highest and lowest discharge rates calculated from

the seepage meter data, the retention time range is

retention time = (volume of water in upper 43cm w/in the seepage meter) /

((discharge rate of the seepage meter) x (cross sect area of SM)]

FROM ABOVE

Q (L/m2/day) area = 0 263 m2

224

021

retention time » 172.0 days to

18126 days
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Hall's Brook Holding Area - Calculation of Sediment Density
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APPENDIX D5

Fish Tissue: Summary of Analytical Results and
Laboratory Analytical Results
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APPENDIX D5

Fish Tissue: Laboratory Analytical Results
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ENVIRONMENTAL SCIENCE & ENGINEERING, INC.
MEMORANDUM

ST. LOUIS, MO - CHEMISTRY LABORATORY

TO: Steve Clough, Amherst FROM:
DATE:

SUBJECT:

John Gemoules
December 24, 1991
Report of Analytical Chemistry Results,
Industri - Plex

Enclosed is the complete report of results for forty four (44) fish tissue samples received in the ESE St.
Louis Laboratory on October 24 and November 5, 1991. The samples were prepared in accordance with
the approved EPA methods 600/8-80-038 and 600/4-79-0200. The samples were analyzed in accordance
with the EPA method indicated in the report.

The QC results are composed of the following summaries: Method Blank for method background
evaluation, Replicates to measure percision, Surrogates for extraction efficiency and Standard Matrix
Spike and Sample Matrix Spike Recoveries for method performance evaluation.

The QC results have been reviewed by the analysts and the Laboratory Manager. Explanations for QC
results that did not fall within the QC criteria are provided in the summary.

JFG/pl/REPORT/IP-O.RPl

Enclosures
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^ẐM

OOr
-

 (
OOOOOC

M
•—

I
O

N
in

, ]
<^fcOCOCOMfcu

COWsyWOf
t
.

0

b
l

H^

C
MI

OO

c
ju

c
jo

c
jo

c
jo

o
c

jo
o

c
jo

c
jc

jic
jc

jo
o

<
<

<
<

<
<

<
<

<
<

<
<

<
<

<
<

:
<

:
<

<
;
<

c
jc

jo
u

c
jc

ju
o

c
jc

jc
jo

u
c

ja
c

jc
jc

jc
ju

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I

o
o

o
o

o
o

o
o

o
o

o
o

c
x

jo
o

c
o

o
o

o
o

o
o

o
o

c
o

in
a

D
o

o
c

o
o

o
c

o
l 

i 
i 

i 
i 

i 
i 

l 
i 

i 
i 

i 
l 

i 
i 

i 
i 

i 
i 

i
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

N
C

N
I

ON 
-

I
ONI

ON ON
I 

I
I

i 
O

NI
O

N
 

O
N

 
O

N
 

O
N

I 
I 

I 
I

i—
li—

li—
I 

.—
I 

i—
I 

i—
li—

li—
li—

IrH
r—

I 
.—

I 
i—

li—
| O

 
r-H

 
.—

I 
l—

I 
i—

I 
.—

I
I
 

I
 

I
 

I
 

I
 

I
 

I
 

I
 

I
 

I
 

I
 

I
 

I
 

I
 

I
 

I
 

I
 

I
 

I
 

I
C

N
C

M
C

N
C

N
C

N
C

N
I

O
M

C
N

I
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
C

M
O

M
C

M
C

M

O
N

 
• 

vO
 

• 
•

l 
O

 
O

 
C

M
 

C
M

 O
C

O
O

-—
 (i—

 i
O

O
<

T
O

O
r

-
i

OOOOC
M

NO 
• 

• oo 
• in

O
N

O
O

^
T

O
O

O
O

O
C

M
C

M
O

 
ON

V
 

N
X
 

V
 

C
M

 
\
/
 

V
 

N
X
 

I

in 
• 

•
CNI 

C
M
 
O

OO

v
o

o
o

m
o

o
o

o
o

O
r
-
i~

T
O

• r- 
• r- 

• 
•

o
o

o
-
—

 ic
M

O
i

C
O
H

Or^CMco

O
^
O
O
O
O
O
O
O
O
O
O
O
O
t
H
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
-
T
O
O
O
O
O

c
jc

ju
u

u
u

u
u

u
u

u
u

c
ju

u
u

u
u

u
u

rdu,a.wx:4-1O4-1

•a4-»
3tn§ICOI



tfl

3enO>
c*EQJ
XU

cCD

- 
s

bb

ia§
••^ 

T! "-<
>-̂ 

QJ 
h
n

E"̂•C

W
 

<JT> W
 

.̂

»wC
J

t-x£ir

cr

u
 u

 u
<

 <
 <

U
 

C
J

 
C

J

I 
I 

I
co co co
I 

I 
I

C
N

 
C

N
 

C
M

I 
I 

I
r- r>

 r~
rH

 
rH

 
i—

I
I
 

I
 

I
C

M
 

C
M

 
C

M

vo in
r- CM

I--
 

rH
 

.
• 

rH
rH

 o
 in

r- o
 o

\£> 
^

- 
.

• 
C

O
rH

 
O

 
^O

O
 O

 O
rH

 
rH

 
rH

0
0

0
vO

 
vO

 
vO

a, en PU
r
-l 

<
-) 

H
-)

C
J 

C
J 

C
J

>
 N



QC SUMMARY



o
 rg

o
 —

C
T.

XOrg

p
- 

o
 
o

 
in

*r 
o

 
o

 
*r

X
X

 
X

C
O

 O
 

C
O

rg —
 

rsi

in

o
 
—

 o
 
o

C
D
 
C

D
 O

 
O

X
 

X
X

O
 

C
O

 O
rg

 
—

 rg

—
 

rg
 

—

—
 

0
o

 
c
o
 
o
 
o

o
 
—

 o
 
o

X
 
X

C
O
 

O
—

 
C

M
X

 
X

e
g

 —

rg
r-- 

o
O

 
O

0
 0

0
 0

C
O

 
C

D
—

 
C

g

^

o
 
in

 o
o

 o
 o

0
0

0

0
0

0

X
 
X

C
O
 

O

X
 
X

CM
 

—

O
 
*
•

O
 
O

 O
o
 
o

 —
o
 
o
 o

X
 
X

C
D
 

O
—

 
C

sl

^
-

O
 C

O

o
 —xCOXrg

o
 

r~
o

 
o

o
 
o
 o

O
 

C
D
 

O

X
 

X
O

 
o
o

X
 

X
—

 
rg

o0ooCT*
XoC

sl
X

co 
m

o
 
o
 

o
 

C
D

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

X
X

 
X

 
X

 
X

CO
 

C
D

 
C

O
 

C
D

 
C

O
• —

 
rg 

—
 

rg 
—

X
X

 
X

X
 

X

so
 c

o
 o
 

in
o
 
o
 
o

 
—

 o
o

 o
 o

 o
 o

 o
 o

O
 
O

 
O

 
O

 
C

D
 
O

 
O

X
 

X
X

 
X

X
O

 
C

O
 O

 
C

O
 

C
D

rg
 

—
 
e
g

 
—

 
e
g

X
 

X
X

 
X

X
—

 
rg

 
—

 
C

M
 —

O
 

C
D

 
O

C
D
 
O

 
O

X
 
X

CO
 

C
D

—
 

rg
X

 
X

o
 —

o
 
o
 o

 o
O

 
O

 
O

 
C

D

X
 

"X
0
3
 
O

—
 

eg
X

 
X

eg
 

—

0
 0

C
D
 

O

X
 
X

C
O
 

O
—

 
rg

X
 
X

rg
 —

o
 o

C
D
 

OO
"s

XCOXrg

C
D
 

O

0
 0

Xorgx

iiCD ao

minN
O

COX
:

O
-

o*£0
 0

JJ 3J
o
 o

^
 E

iiC
D
 
0
3

CO
 

P*>
so in

sO
 

so
CO

 
COXo_oCO* r-.
rg

o
 o

X
 
X

C
D

 
C

D
ac E §

U
J
 

U
J

0
 
0

C
O
 

0
3

 
C

O

co
 
m

so
 
in

s
O

 
s
O

co 
toXQ

,

c
j

CO*C
Ti

0
0

0

X
X

X

K
 

X
Z
 

X
: iii

C
D

 
C

O
 

C
O

co 
m

so
 
in

sO
 sO

CO
 

C
O

X
.

<a_
—

 i
C

J
CO#r--
m

C
D

 
C

D
 

C
D

X
 
X

 
X

CD
 

C
D

 
C

D
X

I 
X

I 
3
C IiC

D
 

C
D

CO

sOsOC
O

0
0

X
 
X

.
C

D
 

O
1
C
 

E IIC
D

 
C

D

mins
O

s
OC
O

xa
.

C
J

C
O* rgOOo
 o

X
 
X

C
D

 
C

D
E

 K

IIC
D

 
C

D
^

 
C

C
o 

rn
so

 in
s
D

 
>
O

co 
toXC

J
C

O*o0

0
0

X
 
X

C
D

 
C

D
C

 1Z I
I
I

C
D

 
C

D
 

CO
X

T
 

T
C

 
B

Z

co 
m

so
 
in

sO
 sO

sO
 

sO
to

 coX

1
C

J
to*o

X
 
X

 
X

C
D

 
C

D
 

C
D

c
 x

i 
yc

o
 o

 o

C
D

 
C

D
 

C
D

X
T

 
X

Z
 
K

co 
m

sO
 
sO

C
O

 
C

OXoto*o

X
X

X
C

D
 

C
D

 
C

D
K

 
K

 
K

III
m

 
C

D
 C

D
X

Z 
X

?
 
X

t

co 
m

so tn
s
O

 
*O

C
O

 
C

O

X»
 J

C
J

to*o

X
X

X

III
m

 
C

D
 m

X
T

 
X

T
 

X
T

co 
m

so
 in

s
O

 
s
O

C
O

 
C

O

X_
J

C
J

C
O*o

X
^
 
X

 
X

C
D

 
C

D
 

C
D

x; x: XT I
I
I

0
3

 
C

O
 

0
>

X
T
 
E

 X
T

co
 
ro

so
 
in

s
O

 
s
O

C
O

 
C

O

XC
J

C
O*C
D

X
X

X
C

D
 

C
D

 
C

D
c

 XT 
x
: I
I
I

C
D

 
C

D
 

0
3

co m
so

 in
s
O

 
s
O

s
O

 
s
O

C
O

 
C

O

xC
J

C
O*0

X
X

X
C

D
 

O
 
C

D
^

 
K

 
T

C

1
1
1
1

CO
 

£D
 

C
D

 
C

D

co 
m

so
 
in

C
O

 
C

O

x—
 1

C
J

C
O

*0

X
 
X

 
X

 
X

C
D
 
O

 
O

 C
D

x
; c

 XT z
i 1

1
m

 m

co
 
m

so
 
in

C
O
 
4
0

xC
J

CO*o

X
 
X

C
D

 
C

D
x
: K

o
 o

 o
Z

 
Z

 
Z

0
3
 
0
3

 
m

xz xz ̂

CO 
m

\o
 
in

sO
 
sO

CO
 

C
OXC
J

CO*o

X
X

X
C

D
 

C
D

 
C

D
K

 
J
Z

 
1

C

o
 o

 o
Z

 
Z

 
Z

C
D

 
C

D
 

C
O

xz c
 xc

C
O
 

0
0

so
 
in

s
O

 
\O

s
O

 
s
O

C
O

 
C

O

Xoto*o

X
X

X
C

D
 

C
D

 
O

x
; ac xr l
i
l
l

0
3

 
C

D
 C

D
 C

D
X

T
 
E

 K
 

X
I

C
O

to 
</C
D

CD
 

O
 

C
D

 C
D

'X
 "X

 
X

 
X

x: yc xi x
:

U
J
 
U

J
 

U
J

Z
 
Z

 
Z

i
i
i

O
O

 
O

O
 

C
O

X
Z

 
X

Z
. 

T
C

oo 
m

%
o in

sO
 

so
sO

 
sO

co 
toxo_C
J

C
O*CO0

C
D

 
O

 
C

D

CD
 

C
D

 
C

D
x: yc 

xz

U
J
 

U
J
 
U

J
Z

 
Z

 
Z

i
i
i

C
D

 
C

D
 

O
O

X
Z
 

X
I 

X
Z

co 
ro

so
 
in

sO
 
sO

co 
toXo_C

J
COrsi

0

CD
 

C
D

 
C

D

C
D

 
C

D
 

C
D

x: 
ac xz

§§§ 
§§§

: —
 —

 —
 

—
 —

 —
 o

o
c

j
ic

o
c

o
c

o
x

ix
r

x
r

c
o

to
c

o
 

—
 —

 
—

IC
D

C
D

C
D

O
.Q

O
I—

 *—
t—

 to
c

o
to

o
r

^
^

-
t

O
O

O
O

O
O

o
r

o
r

r

i 
t—

 
t—

 
i—

o
ra

rc
c

co co
 co

 x
: x

: E
U

J
 
U

J
 U

J
 Z

D
 
O

 
Z

3
z

z
z

 
—

 _
j 

_
j 
-
j o

: o
: i



l
O

O
O

O
Q

O
v

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

^
-

O
O

O
O

O
O

O
O

 
-r

o
o

o
o

o
o

^
-

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
c

o
o

o
o

o
o

o
o

O
j 

—
 
(S

| 
—

 
O

j 
—

 
—

 
O

J
 O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

O
J
 
—
 

O
J
 
—
 

O
J
 
—
 

O
J
 
O
J
 

C
M
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O.J 

O
J
 
O
J
 
O
J
 
P
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J
 
O
J

U
J
 
'-1 

U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
l
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J
 
U
J

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

I
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
—
 
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

z
z

O
 

—
 

U
J

 
I

or 
a
: a

:
L
.J

 
U

J
 

U
J

 
U

J
 

U
J

 
U

J
z
 z

 z
 3

: x
 

3C

X
 
X

 
Z

U
J
 
U

J
 
U

J
 U

J
 U

J
 
U

J
 

U
J

 U
J
 
U

J
 

>
•
 
^

 
>
-

z
z

z
z

z
z

 
.-.^

,-,0
.0

-0
U

J
U

J
U

J
U

J
L

U
U

J
 

'
—

•
•
~

*
'
~

*
>

-
>

-
>

-
O

O
O

3
:3

:3
:2

3
:3

: 
_

j_
i_

ix
x

x
a

:
Q

:
a

:
h
- 

h
-t—

 
t—

 
*—

 
f—

 
>

-
>

-
>

-
O

O
O

Q
-
f
t
.
a

.
z

z
z

z
z

z
 

X
3

:
x

z
x

3
i
o

o
e

QC 
QC 

CC
 Q

£ 
QC 

Q
Z 

Z
 

Z
 

Z
 

U
J
 '•' L

kJ
 
U

J
 '•' 

U
J
 —

 
—

 —
O

O
O

O
O

O
u

j
u

j
u

j
O

O
O

O
O

O
O

O
O

n
^

o
=

)
=

>
=

3
a

:
i
r
o

c
a

:
a

:
o

c
Q

c
a

:
o

:
Q

:
Q

c
a

:

;^s
^x

—
•>

—
»

~
.'*--«

~
-*_

,>
-'i 

{ 
i 

i 
i 

t 
i 

i 
i 

u
ju

ju
j>

->
~

>
-3

:3
;3

:<
£

«
c

<
c

u

;m
m

m
»

m
«

a
a

o
3

O
Q

a
a

a
iO

D
Q

D
O

Q
a

a
Q

Q
O

Q
flD

c
o

o
Q

a
D

o
o

o
o

c
jO

O
O

C
iu

.u
.u

.o



zo
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

•
^

\
^

\
\
-
v

^
v

^
\
\
\
\
^

v
^

\
\
\
\
^

v
^

\
\
\
\
*

s
^

^
>

v
.
\
\
\
-
^

^
^

\

—
 —

 p
 

—
 

—
p

—
 —

 p
 

—
 
—

 p
 

—
 —

 o
 

—
 —

 p
—

 —
 p

—
 
—

 o
 

—
 —

 o
 

—
 —

 o
 

o
 

—
 —

 o
 

—
 —

 o
 

—
 —

 o
 

o
 
_

 
_

 o
 

—
 —

 o
 

—
 —

 o
-

i P«J CM
 (xi o

j o*j f\j 
<NI f^j rvj r\i (si fsi csi cxi o

j P
J <

\i <si o
j cxi CM

 cst 
CNI csi <NI CM

 C
M

 CNJ r>j f\i rsj rsi c>j <vj

_
 

—
 
_

 
.—

 
—

 
—

 
—

 
l
U

J
U

J
U

J
L

U
U

J
L

^
U

J
L

j
J

U
J

U
J

L
^

L
k

J
U

J
L

J
L

^
L

J
L

^
L

U
t
-
J

l
^

L
U

t
^

L
U

z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
:

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

—
 
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z

"
"
"
^

t
S

S
t
S

S
S

S
S

z
S

S
i
c

a
c

S
t
S

a
c

S
i
c

S
S

c
c

S
E

t
a

c
S

r
c

S
S

t
t
S

t
S

t
c

c
c

a
c

S
S

r
^

t
c

E
?

?

iC
O

(O
C

O
C

O
(O

C
O

C
O

C
O

C
O

C
O

C
O

(O
C

O
C

O
C

O
(/lC

O
<

/)<
/?

C
O

4
O

(O
C

O
C

O
C

O
C

/}
C

O
C

O
<

O
4

O
C

O
C

O
C

O
C

O
: to

Z
Z

Z
Z

Z
Z

 
>

-
>

-
>

-
U

J
 
L
U

 
U

J
 

L
iJ
 

U
J

 
U

J
 

ft
 

fl_
 

p
^

O
O
O
O
O
Q
Z
Z
Z
Q
Q
O

o
o

d
i
—

»
—

i
-
x

x
x

V
V

V

8
 8

 *"  =
 =

 = "
 """

 m "
 "

i U
J

 
O

 
O

>
->

->
•

&
:

' 
X

 
X

I 
( 

CU
 

O
. 

0_
 I

X
X

X
>— 

t—
 

f—
U

J 
U

J 
U

J

g
O

 
O

 
O

 
O

 
O

 
O

 
cvj 

f^
 CM

 
u

j u
j u

j O
 
o

 
O

 
O

 
o

 
o

 
u

j ' - * 
u

j 
co

 m
 
m

 u
j u

j u
j

q
c 

o
c 

q
z 

ac 
ac 

o
c 

- 
- 

-
z

z
z

o
o

o
o

o
o

i
-
j
r

-
w

r
-
J

i 
i 

1
0

:
0

:
0

:
O

 O
 O

 O
 O

 O
 O

 
O

O
O

t
O

<
O

t
o

e
^

c
o

c
o

Z
Z

Z
O

O
O

X
^

X
—

 
—

 
—

 —
 o

o
o

o
O

u
ju

ju
jQ

c
a

r
t
t
i—

 
H

- i—

S
m

o
p

o
o

o
z

z
z

u
j

O
O

—
I
_

J
—

l
«

*
t

-
«

Z

X
X
X
X
X
X
X
X
X
O
O
O
5
O
O
Z
Z
Z
Z
Z
Z
*
—
 
h
-
^
O
O
O
U
J
U
J
U
J
f
f
i
B
r
i
c
z
^
t
a
s
^
^
i
C
"

^
^

u
j
u

j
u

j
u

j
u

j
u

j
u

j
u

j
u

j
z

z
z

c
o

c
o

c
o

i 
i 

i 
i 

i 
i 

—
 —

 —
 i 

i 
ix

x
:
r
>

-
>

-
>

-
u

ju
ju

J
U

J
U

J
U

j
U

.
U

.
X

X
X

X
X

X
X

X
X

—
 

—
 —

 —
 —

 —
 z

z
z

z
z

z
z

z
z

^
T

-
n

-
a

-
O

-
o

-
a

-
o

-
O

-
o

a
c

o
c

o
o

Q
c

n
a

i
'

^
j
^

j
J

O
C

J
O

Z
Z

Z
O

O
O

^
t
—

 
f
-

Z
Z

Z
Z

Z
Z

U
j
u

j
u

J
X

X
X

O
O

O
—

J
-

J
 

—
I 
•
"
^

'^
•
'^

^
O

O
O

O
O

O

t
—

o
o

o
o



—
 
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
Q

O
O

O
O

O
O

O
O

Q
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
o

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
 

—
 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
C

D
 —

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
'—

 
—

 
O

 
—

 
'—

 
O

 
'—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

 
—

 
—

 
O

—
 

—
 
C

D
 

—

C
N

j 
C

sl 
O

-J 
CNJ 

c
s
j 

C"«J 
C

S
I 

CVJ 
CNJ 

C
-J 

O
-J 

CXJ 
C

s( 
f-g

 
C

sj 
O

g
 

C
sJ 

C
^J 

O
J

 
C

-J 
CNJ 

O
J
 
f\J

 
C

^J 
C

y
 

CNJ 
C

\( 
<N

J 
rs

( 
<N

J 
CNJ 

O
J

 
P

-J 
O

>4 
CNI 

C
^

 
C

N
I 

C
N

j 
C

J
 
t\J

 
fN

J 
C

^J
 

C
-sl 

O
J

 
<N

J 
O

sl 
fN

J 
(S

J 
O

^
 

C
N

 
C

M
 

(N
J 

CNJ 
C

M
 

CSJ 
f>

J

i
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

-
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o

~
 

• *
~

c
x

:
z

:
c

c
z

:
c

c
c

x
:
i:

c
x

:
c

x
:
z

:
c

x
a

:
E

ir
ir

a
:
c

:
c

x
:
c

x
:
c

c
x

:
c

x
c

z
;
c

x
:
x

:
£

c
x

:
C

E
C

z
:
x

:
E

C
x

:
K

:
E

x
:
£

z
:
E

— 
—

 - - ^/j fj) 
(/y 

if) 
(j) 
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ĵ 
î 
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ĉ

 CD
 
—

 
i

i 
Z

 
i

I
O

O
O

O
O

O
O

Q
-

C
X

-
O

O
O

O
O

O
O

O
O

O
O

u
J

Z
O

O
'

i 
i

l
l
 

i 
II—

 
—

 i 
i 

t 
i 

i 
i 

t 
i 

i 
i 

i 
Z

 
O

 
i 

i

• 
=
 
3
 
3

 
5

 
5

I 
I 

t 
I

I
L

U
U

J
L

U
U

J
U

L
U

U
J

L
U

L
U

L
i
J

L
i
J

I
^

L
j
J

U
J

t
j
J

I
^

L
i
J

L
U

L
U

U
J

L
i
J

U
•
h

-
h

-
t
-
»

-
*
-
K

t
—

 
»—

 t—
 
h

-
H

-
t-

t—
 
H

-
l-

h
-
 l-»

—
 *

-t—
 I—

 
I—

 I—
 
t-

H
-
t—

 
h

-
t-

t—
 
f
-
t
-
t
—

 
t-

l—
 t-

t—
 )

-
l



irsjcN
C

N
tosiC

N
jr\irN

irN
Jc\ic^(\icN

jcsirsjrsiC
N

josjfN
jrN

jcx^

co 
cr-

o
 

• 
-
in

 
u") 

—
 w

a 
^- o

 
co 

«3- LO
 

r- 
r

s
j

o
-

j
'-

o
o

s
j

r
s

j
C

T
N

O
O

i
/

i 
r- »o 

o
 

m
 

r^- 
•

_
 

o
i 
O
 
O
 
O
 
O
 
O
 
O
 

O
O
O
O
O
O
 

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
 

O
O
O
O
O
O
O
O
 

O
O
O
O
O
O
O
O
O
O
 

O
O
O

_: o
 o
 o
 o
 o
 o
 
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
 
o
o
o
o
o
o
o
o
 
o
o
o
o
o
o
o
o
o
o
 

o
o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

O
>

 
C

T
x 

O
N

^~x 
\

 
>v.

m
 

i—
 

m
—

 
—

 
o

C
N

I 
C

N
J 

C
N

J

m
 
rn

 
O

 
O

—
 

—
 

r—
 

r-~
 

eg
 

CM
o

 
—

 f
\
j
r

o
*

»
^

- 
—

 
*
 

*
 

o
 

—
 c

s
jm

^
-
L

n
-
^

r
^

C
D

 
—

 ̂
-
o

 
—

 o
g

m
^

-
m

s
o

r
-

c
o

<
7

>
C

D
»

*

«
*

*
»

*
*

*
X

*
*

»
 

I 
i

f
t

V
L

k
j

*
*

*
;

*
*

:
*

*
 

i 
i

w
*

*
*

*
*

*
*

*
*

*
*

!
^

*
*

*
*

^
*

*
*

^
*

*
*

 
I 

I
*

u
.

u
.

i
^

i
^

L
^

u
.

u
-

u
-

i
^

L
^

u
.

a
.

a
.

u
_

L
u

Z
O

O
O

O
O

O
O

a
.

a
>

O
O

O
O

O
O

O
O

O
O

O
i

^
z

O
O

O
O

(
D

O
L

^
u

.
u

.
i

^
u

.
L

i
_

a
_

a
_

L
k

j
1

1
(

1
1

1
1

1
1

1
1 

—
 

—
 

I 
Z 

O
 

t 
i 

I 
I 

I 
I 

I 
—

 
—

 
i 

i 
I 

) 
I 

i 
I 

I 
I 

I 
I 

Z 
O

 
I 

I 
I 

< 
t 

I 
I 

t 
I 

I 
I 

I 
—

 
—

 
Z

. 
esj 

.
• 

<
M

o
j ;

0
3

 <

^

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O



in
u

^
^

L
n

L
n

L
o

u
^

L
n

u
^

u
i^

L
n

L
n

^
L

n
L

n
in

in
in

L
n

in
L

n
iO

L
O

u
^

i^

i 
i 

i 
t 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

t 
t 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

i 
i 

i 
t 

i 
i 

i 
i 

i
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

m

U
1

U
1

L
D

U
1

O
O

 
•«W

-i
i 

O
-
i
/
i
^

-
m

 
—

 o
 

—
 

-
o

o

—
 
o

i
n

o
o

f
M

O
^

o
g

r
o

a
o

v
o

i
n

o
o

a
o

s
o

o
L

n
r
^

c
o

 
—

 cr* 
m

O
O
O
O
 

O
O
O
O
O
 

O
O
O
 

O
 

O
O
O
 

O
O
O
O
O
O
O
 

O
O
O
O
 

O
 

O
 

O
 

O
o
o
o
o
o
o
 
o
o
o
o
o
o
 
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
 

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

O
 
O

 
O

 
O

 
O

 
O

 
O

O
O

O
O

O
 

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

Q
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

Q
O

r
n

r
^

^
C

N
jo

g
o

o
^

r
^

r
n

o
r

g
o

a
o

^
L

n
^

r
o

s
o

P
i~

^
s

o
c

o
s

o
o

g
r

>
jir

>
s

o
o

o
r

»
-
c

o
o

g
o

o
-
—

 
o

v
^

r
r
g

 —
 m

s
o

u
i —

 
m

tT
N

s
o

m
r
s

lo
o

^
m

u
"

) 
—

 c
o

s
o

> m
 

C
M

 
ro
 
^

 <^
 

• —
 

04
 Cst 

O
J cs* 

eg
 

•
x

O
O

(
N

J
O

r
^

o
jL

n
r

o
<

M
^

-
*

r
F

^
r

^
r

*
- 

—
 ^

m
c

s
io

J
o

n
i/ic

g
in

r
v

ir
o

ffN
^

-c
o

o
-ir

n
 

—
 
o

s
r
g

in
r
-
-
o

 
—
 
^

 O"> so
 C

T
* evj

O
C

S
O

O
O

O
^

O
C

S
O

O
O

O
O

O
O

C
S

O
O

O
O

O
O

O
O

C
D

O
C

D
O

O
O

O
O

O
O

O
O

O
^

O
O

O
O

^
O

O
O

^
C

D
O

O
O

O
O

O

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
or- p

-
i so

 t~~- 
O

 
O

 
o
o

 &
* 

~
- 

•—
 

—
" 

—
 —

 —
 
.^

.^
 

—
 ^

 
#

 
—

 cvj 
eg 

o
j rg

 
o
j '

>
O

O
O

-
o

L
o

O
O

O
O

O
O

O
O

O
O

u
J

Z
O

O
O

O
O

O
i

i
i 

t 
i 

i 
i 

i 
i 

i 
i 

i 
i 

t 
Z

 
O

 
i 

" 
i 

i 
i 

i

—
 
*

*
*

«
*

#
*

*
¥

*
*

«
 
—

 *
 

*
 

*
 

*
 
X

3C
 
to

 
Q

 
Q

 
Q

 
O

 
O

 
,

*
 

#
 

*
 

*
0

0
0

0

. a
. o

. L-J
z

. * 
* 

o
• —

 eg 
z

c
 
x
: *

i to
 co x

:

C
D

a) 
Q

I
*
j 

o

^
£

:f
h

 —
 —

 —
 i
i

 —
 ̂

:
i
5

:
^

^
:
^

^
^

:
^

^
^

;
S

i
:
^

5
:
i
i
^

^
;
^

^
^

:
^

S
:
S

:
^

:
^

S
:
^

i
i
^

:
^

:
i
i
2

:
^

:
^

:
^

:
i
:
^

:
^

:
^

S
:
^

^
;
^

^

g
o
o
g
o
o
o
o
o
o
o
g
o
o
o
o
o
o
o
o
o
o
o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

g
o

o
o

o
o

o
o

o
o

o
o

.



O
 

C
D
 

C
D

 
O

 
O

 
O

O
O

O
O

O
O

i ^
 r*» «^ •— m

 '
O

O
O

O
O

O
 

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

 
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

 
O

O
O

O
O

O
O

O
o

O
N

O
-
^

o
n

c
n

o
o

m
o

r
^

c
g

c
g

l—
 

cr> 
—

 m
-
o

 
—

 u-> 
r- 

m
 ^

- 
rg

 u
i 

r̂ 
—

 o
c

g
o

o
i/i 

—
 •—

 
—

 r
^
r
-

"
"

 
-

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

<N
J 

(̂
 

O
*J 

C
N

I 
(N

J
 

C
*J 

C
M

 
O

J
 

C
«4 

(N
J

 
P>J 

CNJ 
f^

4
 

C
N

 
CN1 

<N
J 

O
>J 

C^4 
C

^J 
C

^
 

C
si 

C
sJ 

(N
j 

C
sJ 

C
M

 
fS

I 
C

M
 
r
^

 
CNJ 

fN
J 

O
l̂ 

CNJ 
C

sJ 
CNJ 

CSJ 
O

J
 

CSJ 
C

sj 
O

*J 
CNJ 

O
sl 

C
SJ 

O
J

 
(N

J
 

tN
J 

O
J

 
C%

4 
C

sl 
C

M
 

C
sl 

(N
l 

CNJ 
O

J
 

O
J

 
^T"

r—
 

r—
* 

* 
O

 
—

 
<NJ 

(
O

 
O

 
oo 

<?•• 
—

 
—

 
—

 
•

5
T

t 
I 

i 
i 

i 
Z

 
O

—
 

-
.

_
_

_
_

—
 
o

j 
—

 Z
 

*

O
 

O
 
O

 
O

 
O

 
O

 
i

i 
i 

—
 

•—
 :

I
 

I
L

U
L

U
z

z
I 

U
J 

LiJ 
LU

 
LU

 
O

i
i

j

§
CQ

 
QO

 CD 
CD 

CD
 CD 

OD
 CO

 CO
 

CO
 CO

 
CO

 CO
 CO

 CO
 CO

 CO
 CO

 CO
 

CO
 CD 

CO
 CD

 CD 
CD 

CD 
CD 

OQ
 

O
O

 CD 
CD

 CD 
Q

Q
 O

O
 OQ

 
CD CD

 CQ
 

Q
Q

 CO
 

CO
 

CO
 CO

 
CO

 CO
 

CO
 CO

 
CO

 CO
 CO

 CO
 

CO
 CO

 
CO

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

s
c

c
o

c
c

c
a

:
a

c
c

c
c

c
o

=
c

c
a

c
c

c
Q

c
o

c
c

£
c

c
a

c
a

£
C

c
c

c
K

a
£

O
c

c
c

a
=

a
c

c
c

a
c

c
c

D
r

a
£

a
=

o
c

c
c

K
t~

h
~

l~
l~

h
"
'~

l~
l"

^
tl'~

l~
l~

l~
t~

l~
!ltl^

^
ltl^

lttt^
I^

I^
lt^

^
^
^
ltl!lI^

^
I —

 tltltl^
ltlltl^

I^
I

l~
h~

l~
t~

t~
h~

t~
l~

"
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
Z

Z
C



C
M
 
C
M
 

C
M

i\&
. C

^
C

^
C

^
C

^
G

^
C

^
C

^
C

^
C

^
^

C
^

C
r

s
^

C
^

C
^

c
K

c
^

^
C

^
^

c
K

^
C

^
C

^
C

^
C

r
'
C

^
C

^
C

^
1 

. _
 

_
 
_
 

_
_

_
_

_
_

_
_

 
_
 

_
 
_

 
_

 
_

_
_

_
_
 
_
 

_
 
_

 
_
 
_

 
—

 —
 

_
_

_
_

_
_

 
_
 
_

 
_
 
_

 
—

 
C

M

i LD
 

QD 
m

 
o
 

in
 
o
 

o
o
 o

o
 m

 
o
o
 m

 
o
 

t/i 1/1
 o

o
 to

 
1/1

 o
 

NO
 

W
) 

i/>
 ̂

 
o

 
1/1

 o
o
 ̂

 
m

 
C

D
 
m

 
c
o
 

o
 

LT> 
c
o
 ro

 
un

 
ro

 
o

 
1/1

 LD
 
o
o
 o

o
 m

 LO
 

1/1
 ro

 
—

 o
 

t/^ 
ID

 
CD

 C
T
>
 1/1

I
o

o
o

o
o

o
 

o
o

o
o

o
o

O
O

O
C

3
O

O
O

O
O

O
O

O
C

D
O

O
O

O
O

O
O

O
C

3
O

C
3

C
D

O
-
>

o
c

7
*
c

^
«

«
r
o

o
*
r
*
/
i
r
^

m
r
- 

—
 
>
o

c
o

r
o

o
^

-
r
-
 
^
-
 
—

 o
 

O
N
 
o

 
C

M
 
—

.(C
M

 
C

M
 <*> 

ro 
m

 
C

M
 •—

 
ro

 
ro 

C
M

 **> 
<*o 

oo

O
 
O
 
O
 

O
 
O
 
O
 
O
 
O
O
O
O
O
O
O
 
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
 
O
 
O
 
O
 
O
 
O

O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
O
O
O
O
O
O
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 O

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
 
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o
 
^

 o
 
^

 
oo

 
o

 
-^

 
cvj 

oo
 

co
 
O

 &
* 

f^t 
rn

 
co

 
o
^
 oo

 
ro

 
rn
 
o

 oo
 

co
 C

T
N

 C
T

^
 cs> 

m
 ̂

 CM
 

<3
 
—

 rn
 
10

 
^~
 ̂

 m
 t/i o

 
o

 C
M

 
^o
 ̂

 ̂
 o

*
O

N
r

-
*

m
L

n
>

o
m

o
 

—
 

r
—

c
M

f
-
'
O

N
O

^
'
O

O
^

-
r
—

o
 

• C
M

 
u
i 

—
 

>£» 
o

 
—

 
LO

 
C

M
 

u
n

 
o
 

o
o
 
c
o
 
—

 
m

r
-
-
o

o
c

M
m

^
-
r
- 

—
 
C

M
 
s
c

o
 

CM
 C

M
 rn

 so
 ̂

 —
 r-" 

C
M

 ~~ C
M
 ̂

 C
M

 m
 

m
 

—
 

—
 —

 C
M

 o
 

C
M

 C
M

 C
M

 CM
 —

* 
m

 
•~

 
C

M
 

*~- 
C

M
 

C
M

 •—
 

C
M

 
C

M
 C

M
 •*• csj 

•—
 

—
 

—
 ID

 
C

M
 m

I
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

C
3

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
C

3
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

C
3

O
O

O
O

O
O

O
C

3
O

O
O

O
O

O
O

C
3

O
O

~
O

O
O

O
O

O
O

O
O

O
^

O
O

O
C

3
O

O
O

O
O

O
O

C
3

O
O

O
C

3
O

O
C

D
C

S
O

O
O

O
O

O
O

O
O

O
^

O
O

C
O

O
C

5
O

O
O

O
O

C
O

C
3

O
O

O
O

O
O

O
O

O
C

3
O

C
D

O
O

O
C

3
O

^
O

O
O

O
O

O
O

O
O

O
O

O
O

C
3

O
O

O
O

O
O

O
O

O
O

C
D

O
O

C
D

O
O

O
O

C
3

O
O

O
O

O
;[O

 
O

O
O

O
O

O
O

C
O

O
O

C
3

O
O

O
O

C
3

O
O

O
O

O
O

C
3

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

C
O

O
O

O
O

O
O

O
C

D
O

O
O

C
D

O

l
O

O
O

C
w

O
-

p
O

O
O

O
O

O
O

O
O

O
u

j

o
 o

C
M

 
C

M
N 

O
 

*
 

*

3
C

O
O

O
O

b
O

u
.
u

_
u

-
i
—

 
u

.
u

_
a

-
C

L
i

0
1

1
 

1
1

1 
i

i 
i 

i 
t

i
i 

:

x
x

3
:
x

x
x

3
T

X
3

:
3

:
x

3
:
x

x
x

0
.
0

.
0

.
0

.
0

-
0

-
0

.
0

-
0

.
0

.
0

.
0

.
0

-
o

o
o

o
o

o
o

o
o

o
o

o
o

.
c

x
r
x

z
c

z
r
E

C
i
z

i
c

c
x

^
C

 —
t

O
O

O
O

O
O

O
O

O
O

O
O

O
.
o

c
a

c
a

c
c

c
a

c
a

c
a

c
a

c
a

c
K

c
c

c
c

a
c

a
c

I C
D

 O
Q

 Q
O
 

C
D

 
ffi 

C
D
 ̂

 C
D

 C
D

 C
D

 C
D

 C
D

 C
D

 
C

D
 C

D

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
—

*
~

x
=

x
:

x
:

:
c

x
:

x
:

E
E

x
:

x
:

x
:

E
x

:
x

:
i
=

x
=

x
z

E
x

:
x

:
E

x
:

E
x

:
x

=
E

E
x

:
i
r

a
c

o
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
Z

Q
r
c

c
o

r
o

i
c

e
c

c
D

C
Q

r
c

e
c

c
c

c
c

c
Q

r
c

e
r
Q

i
Q

i
Q

r
c

c
Q

c
a

i
i
^

c
c

Q
r
c

c
Q

r
c

c
Q

r
t
t
c

c
a

r
i
^

j
C

D
 

C
O

 
C

D
 

C
D

 
C

D
 

C
D

 
C

D
 

C
O

 
C

O
 

C
O

 
C

O
 

C
O

 
C

O
 

C
O

 
C

O
 

C
O

 
C

O
 

C
O

 
C

O
 

C
O

 
C

D
 

C
D

 
C

D
 

O
Q

 
C

D
 

O
D

 
C

D
 

O
Q

 
C

D
 

C
O

 
C

O
 

C
O

 
C

D
 

C
D
 

T
*

t 
t 

l 
I

;|C
M

 
C

M
C

M
C

M
C

M
C

M
C

S
IC

M
C

M
C

M
C

S
IC

S
J

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
M

C
^



, 
—

 
r
-

 
—

 C
T

>
 —

 
Q

C
3

 
—

O
 

C
D

 
O

J 
(N

l 
Csj

a
o

o
r
o

u
i
r
'
n

o
o

o
c

o
u

n
c

o
t
n

c
o

m
m

o
u

i
o

u
i
r
o

c
N

j
i

U"> 
O

 
LT> 

—

1
O

O
O

O
O

 
O

 
O

 
O

 
O

 
O

: o
 o

 o
 o

 o
 

o
 o

 o
 o

 o
I

O
O

O
O

O
O

O
O

O
O

O
O

O
O

C
3

O
O

C
3

O
O

O
O

C
D

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
 

O
 

C
- 

O
 

O
 

C
D
 
O

 
O

O
O

O
O

O
O

O
O

O
 

O
O

O
C

3
O

C
5

O
^

O
 

O
O

O
O

O
O

O
O

O
O

 
O

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
C

D
O

O
O

O
O

O
O

O
O

O
O

O
C

5
O

C
5

O
O

O
C

3
O

C
D

O
C

3
O

O
O

O
O

O
O

O
O

O
O

l
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

!
O

O
O

O
O

O
O

O
O

O
O

O
C

3
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
:

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
C

3
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

C
J

O
O

O
O

C
D

O
O

O
O

O
O

O
O

O
O

O
C

D
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

C
3

O
O

C
D

O
O

o
 

—
 o

j 
ro

C
O

 
—

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
^

0
0

0
0

0
0

0
0

 
C

L
—

;&
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o

§
§

§
§

§
§

§
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

=
3
=
3
 
=
 
=
 
=
3
=
3
r
3
 
=
 
3
=
3
Z
3
Z
>
=
)
=
3
0
=
>
 
=
 
=
>
r
3
Z
J
=
i
r
)
r
J
3
3
S
l
3
=
^



APPENDIX D5

Fish Tissue: Summary of Analytical Results
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APPENDIX D5.

Detection Limits (ppb) for SemivoIatiJe Constituents
in Fish Tissue (Fillet)

Industri-Plex Superfund Remedial Trust
Woburn, MA

ANALYTE
1 ,2,4-TRICHLOROBENZENE
1 ,2-DICHLOROBENZENE
1 ,3,DICHLOROBENZENE
1 ,4-DICHLOROBENZENE
2,4,5-TRICHLOROPHENOL
2,4,6-TRICHLOROPHENOL
2,4-DICHLOROPHENOL
2,4-DIMETHYLPHENOL
2,4-DINITROPHENOL
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
2-CHLORONAPHTHALENE
2-CHLOROPHENOL
2-METHYL PHENOL
2-METHYL ,̂6-DINITROPHENOL
2-METHYLNAPHTHALENE
2-NITROANILINE
2-NITROPHENOL
3,3'-DICHLOROBENZIDINE
3-NITROANILINE
4-BROMOPHENYLPHENYL ETHER
4-CHLORO-3-METHYL PHENOL
4-CHLORO ANILINE
4-CHLOROPHENYLPHENYL ETHER
4-METHYL PHENOL
4-NITROANILINE
4-NITROPHENOL
ACENAPHTHENE
ACENAPHTHYLENE
ANTHRACENE
BENZO(A)ANTHRACENE
BENZO(A)PYRENE

DETECTION
LIMIT

< 20,000
< 20,000
< 10,000
< 20,000
< 10,000
< 20,000
< 20,000
< 20,000
< 70,000
< 20,000
< 20,000
< 20,000
< 20,000
< 20,000
< 40,000
< 30,000
< 20,000
< 20,000
< 40,000
< 10,000
< 20,000
< 20,000
< 10,000
< 20,000
< 20,000
< 100,000
< 10,000
< 10,000
< 20,000
< 20,000
< 20,000
< 10,000

1
No scmivolatile organic compounds were observed
above the detection limit in any sample.
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APPENDIX D5.

Detection Limits (ppb) for Semivolatile Constituents
in Fish Tissue (Fillet)

Industri-Plex Superfund Remedial Trust
Woburn, MA

ANALYTE
BENZO(B)FLUORANTHENE

BENZO(GHl)PERYLENE
BENZO(K)FLUORANTHENE

BENZOIC ACID

BENZYL ALCOHOL
BIS(2-CHLOROETHOXY) METHANE
BIS(2-CHLOROETHYL) ETHER
BIS(2-CHLOROISOPROPYL) ETHER
BIS(2-ETHYLHEXYL) PHTHALATE
BUTYL BENZYL PHTHALATE

CHRYSENE
DI-N-BUTYL PHTHALATE
DI-N-OCTYL PHTHALATE
DIBENZO(A,H)ANTHRACENE
DIBENZOFURAN

DIETHYL PHTHALATE
DIMETHYL PHTHALATE
FLUORANTHENE

FLUORENE
HEXACHLOROBENZENE
HEXACHLOROBUTADIENE

HEXACHLOROCYCLOPENTAD1ENE

HEXACHLOROETHANE
INDENO( 1 ,2,3-CD)PYRENE

ISOPHORONE
N-NITROSODI-N-PROPYLAMINE
N -NITROSODIPHEN YLAMINE
NAPHTHALENE
NITROBENZENE
PENTACHLOROPHENOL

PHENANTHRENE

PHENOL

PYRENE

DETECTION
LIMIT

< 20,000
< 20,000

< 20,000
< 40,000

< 20,000
< 20,000
< 10,000
< 20,000
< 20,000
< 20,000
< 20,000

< 20,000
< 20,000
< 20,000

< 20,000
< 30,000
< 10,000
< 20,000

< 20,000
< 20,000
< 20,000

< 20,000

< 20,000

< 20,000
< 20,000

< 20,000
< 20,000
< 20,000
< 20,000

< 20,000
< 20,000

< 10,000

< 20,000

1
No semivolatile organic compounds were observed

above the detection limit in any sample.
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APPENDIX D5.

Detection Limits for Semivolatile Constituent!
in Fish Tissue (Offal)

Industri-Plex Superfund Remedial Trust
Woburn, MA

ANALYTE
1 ,2,4-TRICHLOROBENZENE
1 ,2-DICHLOROBENZENE
1 ,3,DICHLOROBENZENE
1 ,4-DICHLOROBENZENE
2,4,5-TRICHLOROPHENOL
2,4,6-TRICHLOROPHENOL
2,4-DICHLOROPHENOL
2,4-DINITROPHENOL
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
2-CHLORONAPHTHALENE
2-CHLOROPHENOL
2-METHYL PHENOL
2-METHYL-4.6-DINITROPHENOL
2-METHYLNAPHTHALENE
2-NITROANILINE
2-NITROPHENOL
3,3'-DICHLOROBENZIDINE
3-NITROANILINE
4-BROMOPHENYLPHENYL ETHER
4-CHLORO-3-METHYL PHENOL
4-CHLORO ANILINE
4-CHLOROPHENYLPHENYL ETHER
4-METHYL PHENOL
4-NITRO ANILINE
4-NITROPHENOL
ACENAPHTHENE
ACENAPHTHYLENE
ANTHRACENE
BENZO(A)ANTHRACENE
BENZO(A)PYRENE
BENZO(B)FLUORANTHENE
BENZO(GHI)PERYLENE
BENZO(K)FLUORANTHENE
BENZOIC ACID
BENZYL ALCOHOL
BIS(2-CHLOROETHOXY) METHANE
BIS(2-CHLOROETHYL) ETHER
B1S(2^HLOROISOPROPYL) ETHER
BIS(2-ETHYLHEXYL) PHTHALATE

DETECTION
LIMIT

< 20,000
< 20,000
< 10,000
< 20,000
< 10,000
< 20,000
< 20,000
< 70,000
< 20,000
< 20,000
< 20,000
< 20,000
< 20,000
< 40,000
< 30,000
< 20,000
< 20,000
< 40,000
< 10,000
< 20,000
< 20,000
< 10,000
< 20,000
< 20,000
< 100,000
< 10,000
< 10,000
< 20,000
< 20,000
< 20,000
< 10,000
< 20,000
< 20,000
< 20,000
< 40,000
< 20,000
< 20,000
< 10,000
< 20,000
< 20,000

1
No semivolatile organic compounds were observed
above the detection limit in any sample.
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APPENDIX D5.

Detection Limits for Semivolatile Constituent*

in Fish Tissue (Offal)

Industri-Plex Superfund Remedial Trust

Woburn, MA

ANALYTE
BUTYL BENZYL PHTHALATE
CHRYSENE
DI-N-BUTYL PHTHALATE

DI-N-OCTYL PHTHALATE

DIBENZO(A,H)ANTHRACENE
DIBENZOFURAN

DIETHYL PHTHALATE
DIMETHYL PHTHALATE
FLUORANTHENE
FLUORENE
HEXACHLOROBENZENE
HEXACHLOROBUTADIENE
HEXACHLOROCYCLOPENTADIENE
HEXACHLOROETHANE

INDENO(1 ,2,3-CD)PYRENE

ISOPHORONE
N-NITROSODI-N-PROPYLAMINE

N-NITROSODIPHENYLAMINE
NAPHTHALENE
NITROBENZENE
PENTACHLOROPHENOL
PHENANTHRENE
PHENOL

PYRENE

DETECTION
LIMIT

< 20,000
< 20,000
< 20,000

< 20,000
< 20,000

< 20,000
< 30,000

< 10,000
< 20,000
< 20,000

< 20,000
< 20,000
< 20,000
< 20,000

< 20,000
< 20,000
< 20,000
< 20,000
< 20,000
< 20,000
< 20,000
< 20,000

< 10,000

< 20,000
1
No semivolatile organic compounds were observed
above the detection limit in any sample.
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ARSENIC

Properties and Uses

Arsenic (As), in its rare elemental form (As0), is a gray metal that is insoluble in water.

Arsenic more commonly exists as a sulfide compound in sulfur-containing ores. Both the

natural weathering of these ores and the smelting of them produce arsenic trioxide (As2O3),

a white powdery substance, which is the principal starting material for most other arsenic

compounds.

Agricultural applications, such as herbicides, insecticides, pesticides, and sheep dips, are

among the major uses of arsenic. Arsenic is also used in desiccants, wood preservatives,

glass manufacturing, and in medical and veterinary applications.

Presence in the Environment

Arsenic is found extensively in nature. Seawater and freshwater, soil, air, and living

organisms all contain arsenic compounds. Arsenic is the 20th most abundant element in

Earth's crust and the 12th most abundant element in the human body.

Worldwide, approximately 75,000 to 100,000 tons of arsenic are produced each year, most

of it (97%) as As2O3. The United States contributes in the neighborhood of 21,000 tons to

global production, all of which comes from a copper smelter in Tacoma, Washington. The

U.S. consumes about 44,000 tons, much of it for agriculture purposes. Although arsenic is

mobilized through the weathering of rocks and soil, human activities contribute about three

times that amount. Arsenic is in a state of constant change in the environment. While

anthropogenic sources sometimes create locally high concentrations of arsenic, these sources

have not altered its overall biogeochemical cycle.

Ecological Toxicology

Arsenic enters the atmosphere primarily from three sources: industrial smelters, coal-fired

power plants, and pesticides. Atmospheric deposition and surface runoff introduce arsenic

into aquatic environments where may exists in both inorganic and organic forms. The pH,

ROUX ASSOCIATES INC
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oxygen content, organic composition, and other physical and chemical properties of the

water body influence which arsenic compounds form, and this, in turn, determines the

availability of arsenic to aquatic organisms.

Aquatic organisms accumulate arsenic from the surrounding water; however, arsenic does

not increase in concentration with each new link of a food chain (a process called

biomagnification). For example, in a freshwater foodchain that progressed from algae to

daphnids, to fish, the concentration of arsenic steadily decreased from the first link in the

chain, the algae, to the last link, the fish.

Water concentrations as low as 19 ug/\ have been shown to have adverse effects on aquatic

species. Among the most sensitive species tested were the developing embryos of the

narrow-mouthed toad (Gastrophryne carolenensis) and the freshwater alga (Scenedesmus

obliquus). In the case of G. carolenensis, a 7-day exposure of 40 u% As+3/l resulted in 50%

death or malformation of embryos. Growth of 5. obliquus was inhibited 50% following 14

days in 48 /ig As+5/l.

Accidental arsenic poisoning of domestic animals is not uncommon, although arsenic

poisoning of wildlife is rare1. Like aquatic organisms, terrestrial organisms may also obtain

arsenic from the environment, but the arsenic is not biomagnified.

Toxic Effects

In general, inorganic compounds of arsenic are more toxic than the organic forms. Of the

inorganic forms, the trivalent (+3) species is more toxic the pentavalent (+5) form. As*3

causes toxic effects through enzyme inhibition, which is generally a result of the interactions

with the sulfhydryl groups (sulfur-containing amino acids) of proteins.

Arsenic absorbtion can occur by ingestion, inhalation, or through the skin or mucous

membranes; however, most of the arsenic absorbed is excreted in the urine in less than a

week.

1Eisler, Ronald. 1988. Arsenic Hazards to Fish, Wildlife, and Invertebrates: A Synoptic Review. U.S. Fish
and Wildlife Service, Biological Report 85(1.12). 92 pp.
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Arsenic metabolism differs considerably among species. Arsenic poisoning may affect

respiratory, gastrointestinal, cardiovascular, or hematopoietic (blood-producing) systems.

The route of exposure, dose, and form of arsenic influence the outcome of arsenic exposure.

In some cases the effects are completely reversible following removal of arsenic. In more

serious episodes, adverse health effects include fetal abnormalities, growth inhibition, cancer

(in humans), and death.

In contrast to the toxic effects of arsenic, a dietary deficiency in rats, pigs, and goats was

associated with metabolic disorders. Rats, for example, exhibited rough haircoat and fragile

red blood cells, and pigs and goats suffered higher neonatal mortality and reduced

reproductive capacity.

Regulatory Values

EPA has established the following ambient water quality criteria for arsenic: 4-day mean

water concentration not to exceed 190 fig total recoverable inorganic As *3/l more than once

every 3 years2.

EPA. 1985. Ambient water quality criteria for arsenic -1984. U.S. Environmental Protection Agency Rep.
440/5-84-033. 66 pp.
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EXAMPLE CALCULATION

Ingestion of Arsenic in Sediment

Chronic Daily Intake
(mg/kg/day) = (CS) (IR) (CF) (FD (EF) (ED) (AF)

(BW) (AT)

where,

CS = Chemical Concentration in Soil (mg/kg) = 1754.8 mg/kg
IR = Ingestion Rate (mg soil/day) = 11.2 x 10^mg/day
CF = Conversion Factor (kg/mg) = 10"6 kg/mg
FT = Fraction Ingested from Contaminated

Source unitless) = 0.5
EF = Exposure Frequency (days/years) = 90 days/yr
ED = Exposure Duration (years) = 3 years
AF = Availability Factor (unitless; fraction

available for absorption from intestine) =0.11
BW = Body Weight (kg) = 1.18 kg
AT = Averaging Time (period over which

exposure is averaged — days) = 3 years X 365/yr

459.7mglkg x 11.2 x 103mg/d x IQ^kg/mg x 0.5 x 90dfyr x 3yr x 0.11 = 592£-02
LISkg x (3yr x 365dlyr)

Hazard Quotient for Arsenic

Chronic Daily Intake 5.92 x 10"2 mg/kg-d A ,,,, —
• ••̂ ^̂ ^̂ _ ^——^^ I, ^̂ ^—^̂ ^̂ —^—^̂ —•- — ^r«^^Oii ~^J^

Reference Dose l.27mg/kg-d
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the age of an organism. Physical factors, including water temperature, pH, salinity,

alkalinity, and presence of other contaminants also affect chromium's toxicity, in some cases

by an order of magnitude or more. Although aquatic organisms accumulate chromium from

the surrounding water, chromium does not become more concentrated, or biomagnify, in

successive links of the foodchain.

The most sensitive freshwater organisms tested, as measured by 96-hour 50% lethal

concentration (LC-50) values, were crustaceans and rotifers. Molluscs and fish (including

mud skipper, rainbow trout, salmon fingerlings, goldfish, bluegill, fathead minnow, and

striped bass) were affected at higher concentrations1. The toxicity of Cr+6 was greater in

water that were low in pH, total alkalinity, and total hardness. Soft water and low pH also

increased the toxicity of Cr*3.

In a study of male chickens fed up to 100 parts per million (ppm) Cr+6 in their diet, no

adverse effects on survival or growth were observed after 32 days of exposure2. In general,

Cr+3 compounds do not have toxic effects on birds and mammals. However, ducklings of

the American black duck (Anas rubripes) showed reduced growth and survival after being

fed diets that contained 10 to 50 ppm Cr+3.

Although Cr*6 is more toxic to mammals than Cr+3, water solubilized Cr+3 is causally

associated with cancers and skin dermatitis in workers of the chromate industry, and is toxic

to rabbits.

Toxic Effects

In general Cr*6 is more toxic to freshwater organisms, birds, and mammals than Cr+3, and

younger organisms are more susceptible than older organisms.

Cr*6 is associated with such adverse health effects as abnormal enzyme activity, altered

blood chemistry, lowered resistance to infection, behavioral changes, and eating disorders.

Chromium toxicity in general causes reduced growth, reproduction, and survival.

xEisler, Ronald. 1988. Chromium Hazards to Fish, Wildlife, and
Invertebrates: A Synoptic Review. U.S. Fish and Wildlife Service, Biological
Report 85(1.6) 60 pp, Table 4.

2Rosomer, G.L., W.A. Dudley, L.J. Machlin, and L. Loveless. 1961. Toxicity
of vanadium and chromium for the growing chick. Polt. Sci. 40:1171-1173.
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Regulatory Values

The United States Environmental Protection Agency has proposed a chromium criterion of

P»9« 2 of 3

EXAMPLE CALCULATION

Ingestion of Arsenic in Sediment

Chronic Daily Intake
(mg/kg/day) = fCS) (IR) (CF) (FT) (EF) (ED) (AF)

(BW) (AT)

where,

CS = Chemical Concentration in Soil (mg/kg) = 1754.8 mg/kg
IR = Ingestion Rate (mg soil/day) = 11.2 x 10^mg/day
CF = Conversion Factor (kg/rag) = 10"6 kg/mg
FI = Fraction Ingested from Contaminated

Source unitless) = 0.5
EF = Exposure Frequency (days/years) = 90 days/yr
ED = Exposure Duration (years) = 3 years
AF = Availability Factor (unitless; fraction

available for absorption from intestine) =0.11
BW = Body Weight (kg) = 1.18 kg
AT = Averaging Time (period over which

exposure is averaged -- days) = 3 years X 365/yr

459.7mglkg x 11.2 x I0*mg/d x IQ^kg/mg x 0.5 x 90d/yr x 3yr x 0.11 =

l.lSkg x (3yr x 365d/yr)

Hazard Quotient for Arsenic

Chronic Daily Intake 5.92 x
Reference Dose 1.21mg/kg-d



LEAD

Properties and Uses

Lead is a soft metal with a low melting point. When cut, lead has a light gray color but

tarnishes after exposure to air. Lead is slightly soluble in water that contains nitrates,

ammonium salts, or carbon dioxide.

Inorganic and organic lead compounds have had many commercial and industrial uses.

Some of the more common ones include storage batteries, piping, tank linings, pigments for

paints and varnishes, additives to gasoline, components of hair dyes, coatings on dishes, and

ammunition.

Presence in the Environment

Although the toxic nature of lead has been recognized for thousands of years, lead is still

in widespread use. Over four million metric tons of lead are processed worldwide each

year, with the United States leading in mining and refining. Environmental pollution from

lead-containing products such as batteries, paint, and gasoline have raised the body burdens

in the general human population.

Wild and domestic animals feeding near sources of lead, such as busy roads or lead

smelters, or confined to pens painted with lead-based paint, often suffer from lead toxicity.

The main threat to wildlife, however, comes from ingestion of lead shot. Two to three

percent of all North American waterfowl (approximately two million ducks and geese) die

each year from lead poisoning as a result of the ingestion of lead shot. The decline of the

mottled duck (Anas fulvigula) population along the Gulf Coast1 may be the result of lead

shot ingestion. The U.S. Fish and Wildlife Service promoted laws aimed at reducing these

losses by requiring hunters to use nontoxic steel shot instead of lead. The application of

these laws began in 1978. By the mid 1980s compliance was estimated at over 50%.

Merchant, M.E., Shukla, S.S. and Akers, HA. 1991. Lead Concentrations in Wing Bones of the Mottled
Duck, Environ. Tox and Chem., 10:1503-1507.
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Ecological Toxicology

Elevated concentrations of lead occur in air, land, and water.

Lead enters the environment through sources such as vehicle and smelter emissions. In

soils, lead tends to concentrate in surface layers. Soils near busy highways also accumulate

significant amounts of lead.

Lead can enter aquatic environments from stormwater drainage, industrial and municipal

discharges, weathering of naturally-occurring lead deposits, and atmospheric deposition.

Much of the lead that enters a waterbody is bound to suspended sediment, which eventually

ends up in the bottom sediments. Sediments represent the largest global depository of lead.

Ecosystems near lead sources, such as mines, smelters, storage battery recycling plants, or

hunting areas, accumulate more lead than other areas. Lead will accumulate over tune in

organisms, the bony tissues of older organisms contain more lead than younger age groups.

Certain groups of animals have been identified as having an increased risk for lead

exposure. These include birds of prey that feed on animals wounded with lead shot and

migratory waterfowl that spend time foraging in hunting areas. Wildlife near lead sources

also have an increased risk.

Although lead accumulates in organisms over time, it does not biomagnify (an increase in

the concentration of a toxic chemical in each new link of a food chain). In a freshwater

food chain, for example, lead concentrations progressively decreased from algae, to a

daphnid that grazed on the algae, to guppies that fed on the latter2.

Lead is poorly translocated in plant tissue. Lead that is taken up through roots or by

absorption through foliage will be more concentrated in the oldest parts of the plant. Lead

appears to affect plant growth but does not adversely affect the portions of a plant where

it accumulates.

In aquatic environments near lead sources, algae and benthic organisms (bottom dwellers)

will accumulate more lead than other organisms, such as tadpoles and other amphibians.

Among semi-aquatic organisms, waterfowl are more susceptible to high lead exposure,

Vighi, M. 1981. Lead uptake and release in an experimental trophic chain. Exotoxicol. Environ. Safety
5:177-193.
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because these birds eat lead shot and hold it in their gizzard for grit. While in the gizzard,

the shot dissolves, releasing soluble lead which is absorbed from the digestive tract. For

some species of birds, ingestion of a single lead pellet can cause death3.

Toxic Effects

Organolead compounds, such as those released in gasoline emissions, are more toxic than

inorganic lead4. The adverse effects of lead include reduced survival, impaired growth,

reproduction, and development, and metabolic dysfunction. Immature organisms are most

susceptible to these effects.

In experiments using the adult leopard frog (Rana pipiens), lead poisoning caused the

sloughing of integument, decreased muscle tone, reduced numbers of red and white blood

cells, and the wearing away of the gastric mucosa. Waterfowl that have ingested lead shot

generally die within two to three weeks. The birds become less active, tend to isolate

themselves from other birds, and are more vulnerable to predation.

r, Ronald. 1988. Lead Hazards to Fish, Wildlife, and Invertebrates: A Synoptic Review. U.S. Fish
and Wildlife Service, Biological Report 85(1.14). 134 pp.

''Baudo, R., Giesy, J. and Muntau, H. 1990. Sediments: Chemistry and Toxicity of In-Place Pollutants, p.
193. Lewis Publishers, Inc., Chelsea, Michigan.
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EXAMPLE CALCULATION

Ingestion of Arsenic in Sediment

Chronic Daily Intake
(mg/kg/day) = (CS) (IR) (CF^ fFT> (EF) (ED)

(BW) (AT)

where,

CS = Chemical Concentration in Soil (mg/kg) = 1754.8 mg/kg
IR = Ingestion Rate (mg soil/day) = 11.2 x 1C
CF = Conversion Factor (kg/mg) = 10"6 kg/mg
FI = Fraction Ingested from Contaminated

Source unitless) = 0.5
EF = Exposure Frequency (days/years) = 90 days/yr
ED = Exposure Duration (years) = 3 years
AF = Availability Factor (unitless; fraction

available for absorption from intestine) =0.11
BW = Body Weight (kg) = 1.18 kg
AT = Averaging Time (period over which

exposure is averaged -- days) = 3 years X 365/yr

459.1mglkg x 11.2 x 103mg/d x IQ^kg/mg x 0.5 x 90d/yr x 3yr x 0.11 = 592E_(y2

x (3yr x 365djyf)

Hazard Quotient for Arsenic

Chronic Daily Intake 5.92 x lQ~2mglkg-d
Reference Dose 1.27mg/kg-d
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Ecological Assessment

Example Calculation
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EXAMPLE CALCULATION

Ingestion of Arsenic in Sediment

where,

Chronic Daily Intake
(mg/kg/day) = (CS) flR) (CF) (FD (EF) (ED) (AF)

(BW) (AT)

CS = Chemical Concentration in Soil (mg/kg) = 1754.8 mg/kg
IR = Ingestion Rate (mg soil/day) = 11.2 x 103mg/day
CF = Conversion Factor (kg/mg) = 10^ kg/mg
FI = Fraction Ingested from Contaminated

Source unitless) = 0.5
EF = Exposure Frequency (days/years) = 90 days/yr
ED = Exposure Duration (years) = 3 years
AF = Availability Factor (unitless; fraction

available for absorption from intestine) =0.11
BW = Body Weight (kg) =1.18 kg
AT = Averaging Time (period over which

exposure is averaged — days) = 3 years X 365/yr

1754.8mg/kg x 11.2 x itfmg/d x I0~6kglmg x 0.5 x 90d/yr x 3yr x 0.11
— =

l.lSkg x (3yr x 365d/yr)
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